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ABSTRACT 



Educatfional institutions are finding an increasing need for inexpensive 
types of clear— span structure to enclose^ often on a temporary basis ^ 
areas used for recreational and athletic activities. Structures being 
used for such purposes include the air-supported ••bubbles”, geodesic 
domes, prefabricated steel buildings and other conventional as veil as 
experimental types. 

In view of the growing interest in such applications, and to obtain, 
for the benefit of all interested parties, reliable data as to the rela- 
tive costs of alternative enclosure systems over various periods of time, 
the Educational Facilities Laboratories has sponsored this study. The 
costs of seven distinct types of readily available structures, and sev- 
eral variations of two of these, have been analyzed and compared. These 
costs include not only the initial costs, but also the charges for fi- 
nancing, operation and maintenance, and they are compared for three 
alternative annual terms of use over periods of 5, 10 and 20 years. 

Detailed cost calculations for each of twelve variations of appropriate 
structures are presented, and these are summarized in both tabular and 
graph form. It is found that, of the various types analyzed, the air- 
supported structure, if dismantled and removed each year during summer 
months, costs the least over a 5-year period and appears to have a small 
overall cost advantage for the 10-year period. For year-round use in 
place, however, it is the mo;it expensive type, even for the 5-year period, 
due to the necessity of providing summer air conditioning. The other 
(rigid) structures can be sufficiently insulated and ventilated, without 
air conditioning, to provide reasonable summer comfort at much lover 
overall costs. If the 20-year period of use is a possibility, the air- 
supported structure, even if removed during the summer months, will 
likely prove more expensive than other types, because of periodic re- 
placement costs. 

Conclusions resulting from the study lead to recommendations as to the 
essential features of the ”ideal^* structure for uses of this kind. 



INVESTIGATION OP COSTS 

OF INEXffiNSIVE ENCLOSUia*:S FOR RECREATIONAL AREAS 



Introduction 



There has developed, in recent years, an increasing need among educational 
institutions, both public and private, for inexpensive vide-span structures 
to enclose large areas used for recreational and athletic activities* In 
many cases such needs may be temporary, pending the availability of funds 
for a permanent gymnasium or field house* In other situations they result 
from the conviction that although a conventional field house would be an 
unwarranted luxury, the provision of some kind of low-cost all-weather en- 
closure can readily be justified* 

Several types of structure, in a vide range of sizes, have been used to pro- 
vide such enclosures for all kinds of activities* One type commonly used, 
because of its low initial cost and other attractive features, has been the 
air-supported, or ’’bubble” structure* Others have been variations of the 
geodesic dome structure and prefabricated metal buildings* And because the 
market for structures appropriate for this rather unique purpose is undoubt- 
edly expanding, a niunber of other types, all aimed at minimal cost, has been 
designed, and many of these have been built e3q)erimentally* 

Obviously, low cost is a prime concern with all such structures, as the 
original intent, in most cases where they are used, is that they are to serve 
only as a temporary expedient* nut it is a well known fact that such ’’tempo- 
rary” structures, especially if they prove to be satisfactory and useful, 
often continue to serve much longer than intended, becoming quite permanent 
assets. In view of the widespread interest in, and need for, structures of 
this type, and for information regarding their relative costs, the Educational 
Facilities Laboratories has undertaken to determine how some of the more com- 
monly used types actually do compare in cost, not only initially but over 
various periods of time* 



Accordingly, an analysis has been made of "the cos'ts of a number of readily avail- 
able ••package” types of lov-cost long-span structures suitable for the purposes 
indicated. These costs include not only the cost of the structure itself, but costs 
of mechanical equipment and charges for financing, operation and maintenance ov?r 
periods of 5> 10 and 20 years. Furthermore, to provide data pertinent to various 
operational programs, for each of these three periods, the costs of three alterna- 
tive ’’terms” of use have been investigated: 

Term A: Nine months' daytime operation, September 1 to Jtine 1 (or 39 

weeks), 8 AM to 5 PM, five days per week; 

Term B: Nine months’ day and night operation (39 weeks), 8 AM to 

10 PM, seven days per week, and 

Term C: Year-round day and night operation, 8 AM to 10 PM, seven 

days per week. 

Seven different types of structure have been included in the study: an air-supported 
("bubble”) structure, a frameless corrugated steel arch structure, two kinds of 
rigid frame metal building, a geodesic dome structure, a plywood building and a 
long— span trussed steel arch building. In the case of the air— supported structure, 
both a 5— year and 7— year useful life exjr^ectancy were investigated, and for each of 
these, for the 12— months' term of use, alternate costs of dismantling or air con- 
ditioning during the summer months were computed. Tliree variations of the frame- 
less steel arch building were also investigated, one with no insulation, one in- 
sulated, and one with both insulation and skylight panels. Thus, a31 told, the study 
has involved twelve different variations of structure, as listed on the following 
page^. each being ’’priced” for nine different terms of use. 

Though every effoart has been made to be as accurate as available information allows, 
it should be understood that the results of this study are to be considered tenta- 
tive and approximate, rather than conclusive and precise. For some of the structures, 
’’hard” cost data has not yet been obtained, making it necessary to rely or* educated 
estimates to some degree. Significant errors in such estimates could of course 
invalidate certain comparisons. 

It should be recognized, too, that this study is by no means all-inclusive in respect 
to structure typet^< It represents merely a sampling of possible solutions, and deals 
only with certain arbitrarily selected versions of these structures. An analysis of 
the results suggests that probably none of the rigid type structures as described 
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fully represonts the most economical version for periods of use exceeding 7 
or 8 years. But it indicates also^ that with certain minor revisions in 
these structures, their costs over such periods of use could be significantly 
reduced. 



STRUCTURES ANALrZED 



Description (see Appendix A for sketches and data) 



la 

lb 



Ic 



Id 



2a 

2b 

2c 

3 



jii r~Supported Structure, 5-year life 

dismantled & stored during summers 

Air-Supported Structure, 5 -year life 

air conditioned in summer 



Air-Supported Structure, 7-year life 

dismantled & stored during summers 

Air-Supported Structure, 7-year life 

air conditioned in summer 



Pramoless Corrugated Steel Arch, uninsulated 

(Vender Building) 

Promeless Corrugated Steel Arch, insulated 

(Vender Building) 

Frameless Corrugated Steel Arch, insulated, with sl^lights 

(Vender Building) 

Rigid Frame Metal Building, insulated (Butler) 



Area 

Sq.n. 

15,000 

15,000 

15,000 

15,000 

15,000 

15,000 

15,000 

14,400 



4 Plywood Building with folded plate roof, insulated 14,000 

5 Geodesic Dome Structure (Charter Industries) 

aluminum frame, suspended fabric 10,200 

6 Trussed Steel Arch Building, sheet stnel covering, insulated 

(Butler "Triodfttic") 30,000 

7 Steel Rigid Frame, metal roof, insulated; lightweight 

concrete block walls (Varco-Pruden) 37,330 



* Identification number used in text and on graphs and tables. 



Parameters and Criteria 



To make the cost comparisons as objective and meaningful as possible, the fol- 
lo%dng general parameters and criteria were established: 

1. The structure is to be located in, and priced for, the New lork metro- 
politan area. 
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2. The enclosed space is to be used for general recreational and playground 
activities not requiring special lighting or other facilities. 

3. The structure is to be erected directly on the ground, with no flooring and 
no interior finish or furnishings, on a site prepared by others. 

4. The structure is to be capable of carrying a 30-pound snow load and with- 
standing a wind load of 20 pounds per square foot. 

5. Interior 'w-.;'inperatures are to be maintained as follows; 

During the 9— months* use geriods (Terms A and B), a minimum of 60 F 
during use, and 45 F during off hours; 

During summer months (June 1 to September 1), a maximum of 3 F above 
outdoor ambient temperature. 

Appropriate allowance is to be made for solar heat gain through translucent 
shell materials, and from two to four air changes per hour are to be provided 
by the heating system. 

6. Lighting is to be provided at the rate of 3 watts per square foot of covered 
ground area, producing approximately 30 to 45 foot-candles on the groxind, 
depending on the type and location of lighting fixtures. 

7. Building costs are to include all necessary foundation work, complete erection, 
all mechanical equipment necessary for heating, lighting, ventilation and air 
conditioning (if required), but no interior finish, furnishings or other equii>“ 
ment. 

For purposes' of comparison, costs are to be calculated for three alternative 
annual terms of usage. Terras A, B and C as previously defined. 

8. Overall costs, consisting of initial building costs, operating and maintenance 
costs and financing charges, are to be cmnputed for periods of 5, 10 and 20 
years, with amortization of capital costs being based on a 7?^ interest rate. 

Approach to Coat Analysis 

There are several prerequisites for comparing the costs of two or more structures, 
the most obvious being the initial cost of each structure. If the comparison is to 
be valid, it*s essential also that the conditions governing their use be the same in 
all cases. 

A true cost comparison represents total anticipated costs during the expected period 
of use, however, rather than simply first costs alone. Thus the costs compared should 
include not only the initial costs of the stmcture in place and ready for use, but 
also the costs of operating and maintaining the structure during its useful life, 
plus the cost of amortizing the purchase price. 

Consideration must be given also to the probable useful lives of the structures being 
compared. If they are essentially the same, this factor has no significance, but if 
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the life expectancy of some of the structures is much shorter than that of 
others f proper allowance must be made for this fact. It seems logical that 
when the life expectancy of a structure exceeds the length of the period for 
vdiich costs are being compared, a reasonable salvage value, or remaining worth 
value, should be credited to the cost of that structure when determining its 
overall cost for the period. If, on the other hand, the useful life of a 
structure is known to be less than the length of the period for which costs 
are being calculated, the expense of replacement during the period must be 
taken into account. 

To determine the comparative costs, over a period of time, of the type of 
structure being considered, the following procedure is considered proper, and 
has been used in this study: 

1. Establish the location where the structures are to be built, so that 
all costs will be based on prices in that area. 

2. Determine the initial cost of the building shell erected in place, 
without mechanical equipment. 

3. Establish the interred annual term of use; what hours of the day, 

how many days per t'L-ek and what months during the year it is to be used. 

4. Establish the interior temperatures to be maintained during both the 
hours of use and during off hours. 

3. Determine design temperature and degree days, and calculate the heat 
loss during winter months. 

6. Calculate ventilation or air conditioning requirements during summer 
months. 

7. Determine the level of lighting to be provided. 

8. Estimate probable initial costs of het.ting, ventilation (or cooling) 
and lighting equipment required. 

9. Calculate the annual operating costs, - the costs of heating, ventila- 
tion, cooling (if required) and lighting. 

10. Estimate probable maintenance costs. 

11. Determine the gross cost for the period of years under consideration 
by adding: 

a) Initial cost of building shell cuid. mechanical equipment, amor- 
tized at the anticipated interest rate over the period, 

b) Annual operating costs, multiplied by the number of years, and 

c) Estimated maintenance costs during the period. 

12. Determine the net cost for the period by subtracting from the gross 
cost the estimated salvage value (if any) at the end of the period. 
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Explanation of Cost Calculations 



It should be emphasized that the purpose of this study has been to determine relative , 
rather than exact costs* This, we believe, has been accomplished, and the findings 
have led to certain conclusions which are stated later* The study has also, however, 
raised certain questions and doubts which may warrant further investigation* To facil- 
itate understanding and interpreting the results, the sources of information and some 
of the assumptions made should be explained, and certain seeming inconsistencies in 
the data available should also be noted* 

Building Shell Costs : The initial costs used for the various structures are believed 

to be reasonably correct (within 109^) , but are not claimed to 
be precise* Within the limits of time and budget available more accurate figures 
could not be obtained* For the air-suppcrted structures, these costs represent an 
average of prices listed and quoted by several different manufacturers* For the ply- 
wood building, the geodesic dome structure and the two Butler buildings, itemized 
prices (”± lO?^**) were quoted by representatives of the companies supplying such build- 
ings ^ and prices for the Varco-Pruden rigid frame structure represent those actually 
paid for a building of the scune type and size recently erected in the New York area* 

For the several versions of the Wonder Building, however, only a "package price", ex- 
cluding costs of foundations, insulation, &..ylights and erection, was provided by the 
manufacturer's representative* These prices the author supplemented with his own 
educated estimate of the costs of such items* Detailed brejdtdowns of the various 
cost estimates will be found in the Appendix, following the cost calculations and 
summaries* If more accurate information is desired, all building costs, and especially 
those of the Wonder Buildings, should be verified* 

Costs of Mechanical Equipment and Operation; Except for the air-supported structures, 

the installation and operating costs 
of heating, ventilating, air conditioning and lighting equipment were calculated by 
Vogelbach 4; Baumann, consulting engineers, who collaborated in the study* The costs 
of heating equipment and its installation have generally been found to vary, in the 
rigid structures, from $1*55 to $2*86 per square foot of covered area, depending on 
heat loss and building size, as shown on the graph of Figure A* Ihe cost of lighting 
installation, except in the air-supported structures, was assumed to be $1*50 per 
square foot* Thus, in all of the rigid structures, the initial total cost of mechan- 
ical equipment ranges from $3*05 to $4*36 per square foot of covered area* 
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FIGURE A 
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The cost of supposedly similair equipment for the air-supported structures was obtained 
from two sources: price lists published by Air-Tech Industries and conversations with 
several manufacturer’s representatives. These costs are seen to be much lower than 
the costs used for equipment in the rigid structures as noted above, - a seeming in- 
consistency that warrants further investigation. The reasons for such a large differ- 
ence in these costs are not wholly clear, and of course they materially affect the 
overall comparative costs. 

Heating costs for Terms A and B have been based on the use of No. 4 fuel oil at 10.5 
cents per gallon Lighting was assumed to require 3 watts per square foot of ground 
area in all cases, but the number of hours when lighting is required is, of course, 
not the same in all structures. The cost of electric power has been assumed to be 2 
cents per kilowatt-hour. 

Operating costs for Term C (year-round) have been calculated by adding the costs of 
lighting and ventilating or air conditioning for the three summer months to the light- 
ing and heating costs for Term B (9 months). This procedure, we recognize, results 
in a figure which is not entirely accurate, since it neglects the fact that summer 
ventilation or cooling may be required on some days before June 1 and after September 
1, However, since the operating costs for these few additional days would be relative- 
ly quite small, their omission does not significantly affect the overall comparison. 

Replacement Costs for Air-Supported Structures : To investigate the overall cost 

effects, two different terms, 5 and 

7 years, were used for the life expectancy of the air-supported structures. It is 
believed that, >for the usual type of such structure, 5 years of useful life is the 
more common e:q)erience, but that some of the better types may be expected to serve 
7 years before replacement. 

In both cases, the overall costs calculated for service periods longer than the 
assumed life expectancy of the structure necessarily include estimated replacement 
costs during the period. In all of these structures it was assumed that the mechanical 
equipment originally installed in the first structiire would serve through the full 20- 
year term, reqi^ring no replacement but a certain amount of repair and reconditioning. 
It was also assumed that the cost of replacing the ’’skin” would be some>diat less than 
the initial shell cost, allowing for the re-use of ground anchors and personnel doors. 
The net replacement costs thus calculated for each of these structures are noted on 
the cost summary sheets included in the Appendix. Vhether or not those costs are 
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entirely realistic and valid has not been verified# 

As explained under ^Salvage Values”, these replacement costs should not be 
confused with the estimated salvage values, for the reasons tlxere stated. 

Maintenance Costs : The costs tabulated under this heading in the calculations 

(see Appendix) are not intended to include all maintenance 
charges, but only those which are thouglxt to be unique requirements for the 
structure in question. For example, blower operation costs for the air-sup- 
ported structures have been assumed to be equivalent to the costs of operating 
the blower for warm air circulation in the rigid structures, and since such 
costs are relatively insignificant in all cases, they have oeen disregarded. 

The same applies to normal equipment maintenance and repair charges, which 
are assumed to be essentially the same in all of the structures. In effect, 
then, the only maintenance charges that have been included are; 1) the costs 
of painting exterior metal and wood surfaces, and 2) for air-supported struc- 
tures No. la and Ic, the annual costs of dismantling the structure in the 
spring and re— erecting it in the fall. 

Salvage Values; The salvage values listed in the calculations for both the 

building shell and the mechanical equipment are admittedly 
and necessarily estimates, based on the xiature of the structure, but are be- 
lieved to be reasonably fair allowances. They are intended to represent the 
remaining salable value at the end of the period indicated if the materiU^ 
are removed from the site for use elsewhere. The replacement costs for the 
ait-supported structures, referred to above, are costs based cxi the assumption 
of continued use in the same location, and hence are not determined by simply 
subtracting the salvage value from the initial cost* 



Summary of Findings 

The calculated comparative costs resulting from this study are shown in tab- 
ular form on Table 1, and in graphic form in Figures B, C and D on the follow- 
ing pages. It should be pointed out, however, that, of the twelve variations 
of structure analyzed, only seven are directly comparable, for these reasons: 

- the two air-supported structxires. Nos. la and Ic, because they are dis- 
mantled and removed during the summer, do not provide full year-round 
coverage and enclosure as do all of the other structures; 
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- the geodesic dome structure is relatively small, hp.ving only about two-thirds 
the coverage area of most of the other structures and therefore is penalized 
costwise to some extent. Generally, unit costs tend to vary sometdiat, in in- 
verse proportion to size, and this structure would probably be a little less 
expensive per square foot if it were half again as large. 

- structures Nos. 6 and 7 have at least double the coverage of any of the others, 
and therefore likely have some advantage in unit costs, for the reasons just 
stated. A trussed arch structure of lesser span would be unfeasible, but the 
No. 7 type is readily available in smaller sizes, probably at a little higher 
unit cost. 



Nevertheless the stuc^ has produced useful and helpful information, from which certain 
conclusions regarding the relative costs of the various types of building may safely 
be drawn. Chief among these appear to be the following: 

1. In respect to the 9~months* terms of use (Terms A and B): 

a. Over a period of 5 years, the air-supported structures are obviously 
the most economical. It must be recognized, however, that on some 
warm days in the spring and fall the ^greenhouse effect" of solar heat 
gain in these structures will likely result in some uncomfortably high 
interior temperatures. 

b. Over a period of 10 years, the 7-year-life air-supported structure has 
the lowest overall cost of the structures analyzed, ana the 5-year-life 
structure also has a slight cost advantage. It is not unlikely, however, 
that with certain design modifications in some of the other structures, 
increasing the insulation and perhaps decreasing the amount of translucent 
area, the relative economies might change. 

c. Over the 20-year period the air-supported structures appear to offer no 
cost advantages over the other types of structure. Undoubtedly several 
of the other types, if better insulated, would have much lower costs by 
comparison. 

d. Whether the operation is 9 hours a day (Term A) or 14 hours a day (Term B) 
makes little difference in the relative costs of the various structures. 

In respect to year-round use (Term C): 

a. The aiivsupported structures are the most expensive if left in place 
diiring the summer, due to the necessity of air conditioning. 
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b. If it is acceptable to have the site uncovered during the 
sumraer months, removing and re-installing the structure each 
year, the air-supported structures offer cost advantages for 
the 5- and 10-year periods. Over the 20-year period, the 7- 
year-life "bubble**, if used in the same way, may also be com- 
petitive costvise, but other types of structures with good 
insulating values will likely prove to have lower overall costs. 



c. Year-round operating costs for the other (rigid) structures, in 
which summer air conditioning is not a requirement, depend on 
either the insulating value of the shell or the amount of solar 
heat gain and daylighting provided. In general, these costs 
are found to average about as follows: 



Over the ^-year period - 25 to 40^ 
Over the 10-yeor period - 50 to 80^ 
Over the 20-year period - 100 to 160^ 



of the initial cost of 
building and equipment 



3 . In general : 

a. The advisability of using shylight panels .. woherwise opaque 
roofs is debatable, and depends on the intended use. For Terra A 
(9-hour daytime use), ample skylighting undoubtedly reduces oper- 
ating costs because of the natural lighting and solar heat gain 
provided, but for 9-raonths* day-and-night use (Term B), the heat 
loss through skylights at night is likely to exceed any daytime 
gain. In summer use the extra heat gain from skylights will 
likely be a liability, rather than an asset, requiring more venti- 
lation to maintain comfort, but they still offer the advantage of 
daylighting. 

The use intended for the building is also an important determinant. 
For general playground types of activity, the daylighting provided 
by skylights can be quite desirable. However, for tennis or other 
sports necessitating the visual tracking of a ball in mid-air, 
they usually are a distracting handicap. 

b. An ideal structure for year-round use in ports of the country 
having 5000 or more winter degree days (e.g. the New York area) 
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would be one having a low initial cost, high insulating value 
and large removable wall sections at ground level, along with 
ample high vent areas and adequate ventilating equipment, to pro- 
vide reasonable summer comfort without air conditioning* In the 
warmer parts of the country, where summer comfort necessitates 
air conditioning in any case, there would be no removable wall 
sections and less ventilating capacity, but even higher insulat- 
ing values would be provided in the building shell. 



SUMMARI OP relative COSTS 



TABLE 1 



In each column are shovn, in order of increasing cost, the Key Numbers of 
the veurious structures and, after parenthesis, the relative cost of each. 

TERM A TERM B TERM C 



Build *g Op.ft Mtce Total 

Cost* & Cost ft Cost ft 

(Ratio ) (Ratio) (Ratio) 
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7 


(1.03 


2c 

3 


(1.30 

(1.31 


lb 

Ic 


(1.01 


lal 

lb, 


(1.19 


2a 


(1.41 


IdJ 




6 


(1.21 


Ic1 




4 


(1.03 


2c 


(1.24 


Id] 




2b 


(1.18 


2b 


(1.27 


4 


(1.53 


6 


(1.24 


3 


(1.33 


5 


(1.59 


3 


(1.30 


4 


(1.41 


la] 


1 ( 1 oA 


5 


(1.: 


2a 


(1.62 


IbJ 




2a 


(1.98 


5 


(1.72 



Build *g Op.ft Mtce Total 

Cost* ft Cost ft Cost ft 

(Ratio) (Ratio) (Ratio) 





5 - 


TEAR HBRIOD 




Ic 

Id 


(1.00 


7 

2c 


(1.00 

(1.02 


Ic 

Id 


(1.00 






5 

la^ 


(1.10 


la 

lb 


(i;o6 




g 


lb 

Ic 


(1.12 


7 

6 


(1.36 

(1.50 




«Q 

•) 


Id, 




2b 


(1.57 




O 


4 


(1.14 


2c 


(1.58 




i 


6 


(1.20 


3 


(1.68 




m 


2b 


(1.21 


4 


(1.71 




(2.29 


3 


(1.80 


2a 


(1.88 


5 


2a 


(1.84 


5 


(1.89 




10 - 


TEAR PERIOD 




Ic 

Id 


(1.00 


7 

2c 


(1.00 

(K02 


Ic] 

IdJ 


^(1.00 




g 


la^ 

lb 

Ic 


^(l.*2 


lal 

IbJ 

7 


[(1.06 

(1.09 




e 


Id, 




6 


(1.23 




2 


5 


(1.14 


2c 


(1.29 






4 


(1.15 


2b 


(1.30 




o 


6 


(1.20 


3 


(1.37 




1 


2b 


(1.21 


4 


(1.43 






3 


(1.30 


2a 


(1.61 


5 


(1.52 


2a 


(1.83 


5 


(1.66 




20 - 


TEAR PERIOD 




7 


(1.00 


7 


(1.00 


7 


(1.00 






2c 

la 


(1.07 


Ic 

Id, 


(1.02 




g 


lb 

Ic 

Id, 


(1.11 


6 (1.08 
Jjj(1.09 




m 

d 


4 


(1.14 


2c 


(1.20 




0) 


6 


(1.24 


2b 


(1.25 




1 


2b 


(1.26 


3 


(1.31 




CQ 


3 


(1.35 


4 


(1.37 


la 


( 1 OQ 


5 


(1.77 


2a 


(1.59 


lb 




2a 


(1.88 


5 


(1.64 



Build 'g 


Op.ft Mtce 


Total 


Cost* ft 


Cost ft 


Cost ft 


(Ratio) 


(Ratio) 


(Ratio) 



Ic 


(1.00 


2c 


(1.00 


Ic 


(1.00 


la 


(1.12 


5 


(1.05 


la 


(1.06 


7 


(1.58 


4 


(1.14 


7 


(1.36 


6 


(1.72 


7 


(1.20 


6 


(1.44 


2b 


(1.79 


6 


(1.24 


2c 


(1.48 


2c 


(1.92 


la 




2b 


(1.50 


3 


(1.94 


Ic 


(1.26 


3 


(1.60 


4 


(1.97 


2b, 




4 


(1.61 


2a 


(1.98 


3 


(1.34 


5 


(1.75 


5 


(2.34 


Ib^ 


t ( 1 A A 


2a 


(1.79 


Id 


(2.38 


Id 


Vi 


Id 


(1.87 


lb 


(2.49 


2a 


(1.77 


lb 


(1.92 



Ic 


(1.00 


2c 


(1.00 


Ic 


(1.00 


7 


(1.07 


4 


U«12 


la 


(1.05 


6 


(1.14 


7 


(1.14 


7 


(1.11 


la 


(1.16 


6 


(1.49 


2c 


(1.19 


2b 


(1.23 


2b1 


1 


6 


(1.20 


3 


(1.28 


la 


^(1.50 


2b 


(1.25 


2c 


(1.32 


Ic, 




3 


(1.32 


2a 


(1.34 


3 


(1.61 


4 


(1.34 


4 


(1.51 


5 


(1.69 


5 


(1.39 


5 


(1.55 


Ibl 


1^1 70 


2a 


(1.44 


Id 


(2.04 


IdJ 


rVi« 1 -> 


Id 


(1.65 


lb 


(2.28 


2a 


(2el5 


lb 


(1.70 



7 


( 1.00 


2c 


( 1.00 


Ic 


( 1.00 


6 


(1.15 


4 


(1.17 


7 


( 1.01 


2b 


(1.24 


7 


(1.23 


2c 


(1.07 


2c 


(1.26 


la 


(1.29 


6 


( 1.12 


3 


(1.27 


Ic 


(1.30 


la 


(1.14 


2a 


(1.37 


6 


(1.32 


2b 


(1.17 


Ic 


(1.41 


2b 


(1.33 


3 


(1.23 


4 


(1.48 


3 


(1.42 


4 


(1.26 


5 


( 1.56 


Ibl 


i ( 1 AA 


2a 


(1.46 


la 


(1.81 


IdJ 


[ Vi .40 


5 


(1.47 


Id 


( 2.82 


5 


(1.64 


Id 


(1.58 


lb 


(4.04 


2a 


( 1.86 


lb 


(1.92 



* Actual cost, not including financing, less salvage value at end of^period. 



KEI: la - Air-supported, 5-yr. ,dismant. summers 2 
lb - '• '* air cond. 3 

Ic - ” ” 7-yr. jdismant, summers 4 

Id - •» ” " air cond. •» 5 

2a - Prameless Steel Arch, not insulated 6 
2b - '* •* , insulated 7 



c - tameless Steel Arch.insul.ft slgrlights 

- Bu^er Rigid Frame, instated 

- Plyvood Building, Folded Plate Roof 

- Geodesic Dome, suspended fabric cover 

- Trussed Steel Arch (Triodetic) insulated 

- Rigid Steel Frame, insul. roof , block vails 



13 . 







FIGURE B 





s iBfiggai Net Building Coat (orig. cost less salvage) Financing Cost {TJi int.) Operating ft Maintenance 




COHPARATIVE OVERALL COSfTS lER SQUARE FOOT OP COVERACB FOR 20-1EAR FEBIOD 




: Net Building Cost (orig* cost less salvage) Financing Cost (7% int.) i"~ * J Operating St Maintenance 







FIGUKE D 



COMPARATIVE COSTS flSR S yUARE FOOT OF COVERAGE PER YEAR 



TBRMA TERMB TERMC 




APPENDIX 



A • • COST CALCUUTIONS AND SUMMARIES 

B * DERIVATION OF BUILDING SHELL COSTS 
C • • • SOURCES OP SUPPLY OF BUILDINGS 




calculations 

STRUCTURE No, la 



Aroas: 




A*^IS4- 

Arc *.0/7U3/(, S/.z^y^tS^ ^‘131,7* 




Surface area 

» approyt, l.ol X /i7»7x tSo 

s Say 7-OfS^O 



Hoaiingt Biu Lora 



ventilating air 
(1 cfm/sf) 



tOjiSos t X /.20 SB 29, 020 

X =* 

X =s 

X = 

15,000 X i-os » 

4-1. 2 20 X 60 a 
•f IO 9 S safety 
Gross Btu Loss per hour 



NOTE: Btu loss for Terms B ft C 

differ only in strucitrres having 
high daylight ft sola.' t gain. 

Term A Tov<ws B ft C 

2.473,200 

247,320 

2,120,52 0 2.72O,S20 



Deduct: Heat gain from lighting: 

i3,000 sf X 3 X 3*4 X V5 

Estimated solar heat gain: 

25* of gross loss 



34, OOP (x ^ t 7^/ ^00 
(,20, ISO { n 403,000 



DESIGN BTU LOSS 



Fuel Cost (#4 oil O 10.50/gal. , 70j4 efficiency): 



Term At 



141/148 X 0.00437 x 3815DD x 2oo5.4 
15,000 s.f. 



Terms B ft C: 



141/148 X 0.00437 x 4200DD x 2/f/.0 
/5,ooo s.f. 



2,005,3^0 2J31, 020 



m s 0,213 per sq.ft, per yr. 
m $ 0.254 per sq.ft, per yr. 



Blower operating cost for winter ventilation assumed to bo some for ail structures 



Lighting (3 watts per square foot): 

Term A: 2 hr/da x 5 da/wk x 39 wka « Sjo h rs x 3w/sf ■ ^k»di ® 20 » % OOZ2jy2lyv 

Term B: 7 hr/da x 7 da/wk x 39 wks • MU h rs x 3w/sf = 5.73 kwh © 20 « 8 

Term C; f^U 4 hrs x 7 x 13 wks » ^275 h rs x 3w/sf = kwh ® 20 » $ 0,137,1 B^/yr 



Summer Ventilaxion or Air Conditioning (Term C only) : 
Equipment &' None, 



Installation Cost: 
C^e rating Cost; — 



% 4» sq. ft. 

HP X 0.74565 x $0.02 x hrs. 
sq.ft. 



8 O per sq. ft. 

S O per sq. ft. per year 



A»»umed Maintonanc. Costas (/iirrianfiMg and re-erecHoh of shuciutt- *2eoo 

for each SyearsNucfure, £r^fsnianfi/n/ts 4re-ereefions 
or ^4ptrsri,fh 



A2 






OF COSTS 



STRUCTURB 

Xyp#i Air SufiporhJ (OismanHed 4 Stored 

* , durin«lsummers) 

Ar«fti ISj OOP squATt f««t ^ 

Materials t 

Ro 0 f \/ihy I •copied Nylon Fabric 



Side vails 
End vails . 
Skylights . 



u 



// 



// 



H 



U 



None 



Foundations Ground Anchors 
Estimated Life t years 



INITIAL COSTS PER SQUARE FOOT 


U-VALUES (Winter) 




Building shell*^ 


$ !,90 


Roof 


h2o 


Heatlnir ft Lishting Eqpmt.S 1,00 


Skylights 


— 


Total for Terms A ft B 


i 3. So 


Side vails, opaque 


— 






Side vails, transl* 


1.70 


Ventilating Eqpmt. 


$ — 


End vails, opaque 


— 


Air Conditioning Eqpmt. 


$ — 


End vails, transl. 


1,20 


Total for Term C 


t 3. So 


*see Appendix B 





STRUCTORB No.la 




BTU LOSS (Vinter) 



Total* BtuA^ 

Psr sq* ft* _ Btu^r 

3UMMBR VEMTIUTION/COOLING 
None - Struciure removed 



PERIOD COSTS reR SQUARE FOOT OF COVERACiE 

Tern At 9 mo/yr, 5 dsys/idi, SAM -5HI* Interior temperatures* during use, 60*^F min. 

off hours, ^5°F min. ' ' 

Terra Bt 9 rao/yr, 7 days/idt, 8AH-10JPM. Interior temperatures* during use, 60 F min* 

off hour., 45 °? Bin. '““0 DD) 

Term Cil2 mo/yr, 7 days/»di, 8AM-10IW. Interior temperatures* during use, 60**F Tin\ 

outdoor temp. 4^3 ^F max*) off hours,43^F min* ' ' 



5-Xear Period 

Bldg, cost «>orti*ed Teira^ TeimC 

at 1% over p e ri o d St^tars > 4,‘27 $ 4^27 $ ^,'27 

Operating* heat A light 
ventilating or air cond. 

Maintenance 

Gross Total Term Costs 
Less eat* salvage value 

NBT TOTAL TERM COSTS 



10-Year PBriod(2s^ ru ci},) 20-Year ¥9vio6,(4sir ud's) 
Term A Terra B Term C Term A Term B Term C 



^.7/ $ 6,V 






%!3.iO % 13,10 



l./S 


hSS 




2,3(p 


3.10 


3.92 


4.7Z 


1.40 


2j±_ 


— 


■ 


o.co 





- 


1.20 





— 


Z .40 


S.4S 


4.f2 


CJ3 


9.(?7 


foAi 


n .23 


n,s2 


20. So 


25.54 


0.40 


0.40 


0.4-0 


0,52 


0.3Z 


0.52 


— 


— 


— 


i S,oS 1 


i Sf72 \ 


\ 4,43 


% f.'JS 


%/0,0i j 


X 11.31 


% H'tl \ 


j to. So 1 


,25.J4 



0 CreJir !o7* o{ slid I toj, oF me eh 1. eejpmf, cosf oF (si. sfruet or cosF oF 2nd. HeF cosi of 2/ui sfrt^ci. * i2. 

^ ,(>0% '• >• - - 2nd - 3rd /fcFcosfofJrd shuct**2,3S - 

" r « // •• Nd cosi of 4(k struct - 






a 

n 



ESTIMATED SALVAGE VALUES 

hlt%r 5 Years 



After 10 Years 



After 20 Years 



Building shell* 
Mechairical equipment* 



li.% 






Q-i> 



A3 




calculations 



STRUCTURE No« lb 
Areas: 




yc f ,40 



4yt4o^ -t- (oo^ 



8 x 40 



51.29' 



Arc* a5I.26x/54 * 




ISO' 



Surface area 

-aiyprar. 1,0/ j( /B1.7 k /SO 
- say 20,850 ft. 



Heating: Btu Loss - 



ventilating air 
(1 cfm/sf) 



20t BfO s f X /.20 SB ‘25,0 20 

X SB 

X =s 

X = 



/ 5.0 00 X /.08 SB i9,2oo 

4L 220 X 60 
+ 10^ safety 
Gross Btu Loss per hour 



NOTE: Btu loss for Terms B ft C 

differ only in structures haring 
high daylight ft solar heat gain. 

Term A Terms B & C 

a 2.473.100 
247. 520 

2. 7 70, Si 0 2.720,520 



Deduct: Heat gain from lighting: 

/ 5.000 sf X 3 X 3.4 X '^/s 

Estimated solar heat gain: 

25 ^ of gross loss 



34, OOP (x ^ > 7^! SoO 

^fSoJBO i 4^3,000 



DESIGN BTU LOSS 2,00^, 84 o 

Fuel Cost (#4 oil 0 10.50/gal., 70^ efficiency): 

141/148 X 0.00437 x 3815DD x 2oo0.4 



7. IS/, 020 



Term A: 



/ 5,000 s.f. 



m % 0.2/3 per sq.ft, per yr. 



Terms B ft 



141/148 X 0.00437 x 4200DD x 2tSt.O 
15,000 s.f. 



a $ 0,254 per sq.ft, per yr. 



Blower operating cost for winter ventilation assumed to be some for all structures 



Lighting (3 watts per square foot): 

Term A: t hr/da x 5 da/>dt x 39 idts a 37o h rs x 3w/sf a A/ 7 kwh © 20 = S Q.gizjytlyr 

Term B: 7 hr/da x 7 da/>dt x 39 wks a /^// h rs x 3v/sf = 5,73 kwh © 20 a $ 0Jn_5Jyt/yT 

Term C: 141/ -f-fhrs x 7 x 13 wks a rz7/h rs x 3w/sf = ^,23 kwh © 20 a $ _a^/sf/yr 



Sxnamor Vectilation or - Air Conditioning (Term C only): 

Equipment: //7 7^/7^ Rafn^trah'on 4-‘3oTon PaeJrayo Um/h 

Installation Cost: % 76,000 -r- /5.000 sq. ft. a $ SoC> per sq. ft. 

Operating Cost: /5 000 sq ft * * $ O.l/C, per sq. ft. per year 



Assumed Maintenance Costs: 



Nom 



a:4 




STRUCTURE 

typei Air Supporied (Ait^ Conditioned 

IT.*. IS. OOP «iu.r. f..t 
Materials! 

^Qf Vinwl^coaied Mylor\ Fabric 



SUMMARI OP COSTS 
STRUCTURE NoAb 



Side vails 
End vails . 
Skylights . 



// 



n 



a 



// 



// 



Sicnp 



Foundations Ground Arte hors 
Estimated Life! years 




U-VALUES (Vinter) 



INITIAL COSTS PER SQUARE FOOT 

Building shell*^ I 1,^0 Roof 

Heating ft Lighting Eqpmt»$_L^ Skylights 

« AiLfk • t Side vails, opaque 
Total for Tomi. A » B t.Al£ 

Ventilating Eqpmto $ End vails, opaque 

Air Conditioning Eqpmto > i^nd vails, transl# 



BTU LOSS (Vinter) 






1 . 7.0 



1.70 



Total for Term C 



*see i^pendix B 



Total ! 2Jilj02O Btu/'hr 
Par sq* ft. — Btu/iir 



Air Condii'ion 'ina by 

^ ppcko0€ uh\h 



PERIOD COSTS lER SQUARE FOOT OF COVERACHS 

Tens At 9 mo/yr, 5 days/vk, 8AM -5IM. Interior temperatures! during use, 60°F min. 

off hours, 45^F min. 

Term Bt 9 mo/yr, 7 days/vk, 8AM-10AL Interior temperatures! during use, 60 F min. ^^200 DD) 



off hours, 45 F min. 



Term Ctl2 mo/yr, 7 days/vk, 8AM-101W. Interior temperatures! during use, 60^F «in.,/^2oo DD) 

outdoor temp.*f3 F max.) off hours, 43 F min. 

10-Year Foriodjzj/ ^rp d) 20-Year Period (4 sir ud) 
Term A Term B Term C Term A Term B Term C 

y. 



3-Year Period 



Term A Term B Tens C 

Bldg, cost amortized ■ — 

at 75 ^ over p e ri o d Syrj. $ d-,27 $ 4.27 % 10*42 



% ^.7/ %/4.n % I3.ld^% 15.10 



iimtilaiisg am air cond. 



Maintenance 

Gross Total Texm Costs 

Less est. salvage value 



NET TOTAL TERM COSTS 

0 

2) 



i.ii . 




/.43 
0 . 18 




3.10 


3. it 
hio 


4.12 


7.40 


ld± 

3.17 










- - 





— 


— 


— 


S*4f 


17 


IB 3 C. 


4.01 


10,41 


20,00 


n.sz 


20, 5o 


3i.%9 


0,40 


0.40 


LC1 


o.zz 


0.32 


1.33 


— 


— 


— 


1 S.oS 


5.12 


% U.il 


% 9.16 


% 10,02 


% 19.1*1 


ft 17.82 %20.5o \3A.Bi 



0 Credit 10% of shell Coii, 90% afmeM eqpmh cosiofUl- siruch op cost of 2nd* NeUosh of 2nd ^ 3M u/aireonJ. 

*t o HU t! 2nd H •• 1 '• 3rd. f/ef oosl of 3rd • *2Jf; 4,i7 - 






io i$ h 
it 



«« 



// 

If II 



H 

1 / 



3rd 



ti 

N 



» 4ih. def cosf of 4fh • ^731; (>.V 






ESTIMATED SALVAGE VALUES 

Building shell! 
Mechanical equipment! 



After 3 Years 



After 10 Years 



After 20 Years 



A-iL 

7^i*(of ori^. ecjuipmk^ 70 fi — (orf^, 



A-5 



CALCUUTIONS 
STRUCTURE No. Ic 



Areas: 

5ee SfrQciutes A/o. U !$ 
Surface area » ai^pro%, 2o, sj, ft. 



Hoating: Btu Loss - 2o,iSOs t x 1, 20 = 2^.020 

X = 

X =S 

X = 

ventilating air l$,000 x l,oj =» /C>,2oo 

(1 cfia/sf) 



NOTE: Btu loss for Terms B ft C 
differ only in structures having 
high daylight ft solar heat gain. 



Term A 



Terms B ft C 



41.270 X 60 a 2.41 Sf 200 
lOji safety 24 7, 32o 



Deduct: Heat gain from lighting: 

IS, OOP sf X 3 X 3*4 X 



Gross Btu Loss i>er hour 2,720, S70 2,770, S20 

2>4,ooo {jn /g > 74j 2oO 



Estimated solar heat gain: 

25 of gross loss 



DESIGN BTU LOSS 2,QOi,,34o 

Fuel Cost (#4 oil © 10.50/gal., 70?i efficiency): 

141/148 X 0.00437 x 3815DD x 2oo4.4 
/S,oooa,t* 



Ct 0,150 ( 17 9$: 4^ 3. OOP 

2,1 Bt, 070 



Term A: 



$ 0.215 per sq.ft, per yr. 



„ 141/148 X 0.00437 X 4200DD X 7tSl.o ^ 

Terms B ft C: ^ is]ooo s.f “ ^ per sq.ft, por yr. 

Blower operating cost for winter ventilation assumed to ^e some for all structures 



Lighting (3 watts per square foot): 

Term A: 2 hr/da x 5 da/vdt x 39 wks = 5^0 h rs x 3v/sf ■ A/7 kwh © 20 = $ PrP23/ sfjyr 

Term B: 7 hr/da x 7 da/idc x 39 ^s =» l*fU h rs x 3w/sf a 5>73 kwfa © 20 « $ <3, IlS/ st/yr 

Term C: /^// -f 4 hrs x 7 x 13 >dis =» 2275' h rs x 3v/sf = 5,^3 kwh © 20 * o,l51 / at /yr 



Summer Ventilation or Air Conditioning (Term C only): 

Equipment: Nooe 

Installation Cost: $ -f- sq. ft. 



Operating Cost: 



HP X 0.74565 x S0.02 x 
sq.ft. 



hrs. 



8 0 per sq, ft, 

$ O per sq. ft. por year 



Assumed Maintenance Costs: Annual dtintanHIh^ and rt'CrecHon of sfruci'ute - ^2oOO 

S-ijr. 7erm - 4 etecf S <iism. - ^4000. lO't^r. lerm - ierech^ to <// sm, ^li, coo 

20 ijr.lerm- nereol'as, 2o dismonHings ? ^37,000. 



A6 



STRUCTURE 

Xyp^i Air Supporhd (OhnnanHecI $ Si'orcd 

dunn^ summers) 



SUMMARY OP COSTS 
STRUCTURE No> l£ 



Ar«at 15,000 sqiutrt f##i 
Material ft 
Roof 



Vtnyl- coaiesf Nylon fabric 



Side vails 
End vails . 
Skylights . 



/# 



// 



// 






Non% 



Foundations Ore on J Anchors 

Estimated Lifet _Z. years 




INITIAL COSTS PER SQUARE FOOT 


U-VALUES (Vinter) 




Building shell* 


% 1.11 


Roof 


i,ZO 


Heatinir ft Liffhtins Eanmt.l 


Skylights 

Side vails, opaque 

Side vails, transl. 


— 


Total for Terms A ft B 


% -3' ^7 


— 


!.20 


Ventilating Eqpmt. 

Air Conditioning Eqpmt. 

Total for Tens C 


$ 


End vails, opaque 
End vails, transl. 


— 


$ 


1.20 


i B.ST 


*see Appendix B 





BTU LOSS (Vinter) 



Total: ^QO Btu/kr 

Bsr sq« ft. Btu^r 

SUMMER VEMTIUTIOW/COOLIWS 
None • Structure removed 



PERIOD COSTS FER SQUARE FOOT OF COVERACaS 

Teni Ai 9 mo/yr, 5 dsys/idi, SAM -3B1. Interior temperatures: during use, 60^F min. /3g^e 

off hours, 43 F min. ' 

Term B: 9 mo/yr, 7 dsys/vk, SAH-lom. Interior temperatures: during use, 60^F min. (^200 DD) 

off hours, 45 F min. ' 

Term C:12 mo/yr, 7 dsys/vk, 8AH-101fl. Interior temperatures: during use, 60 F * /4200 DD) 

outdoor temp.'f3^F max.) off hours, 43 F min. 

5-Iear Period 



Term A 


Term B 


Term C 


Term A 


Term B 


Term C 


Term A 


Term B 


Term C 


$ 4.3.3 


$ 4.33 


%4.33 


1 7,00^^ 


'$ 7.00 


$ 1.00 


t to. if 


\l0,3\ 


% 10,51 


I.IS 


his 


l. 1 (r 


2.34 


3.70 


3.n 


4-n 


lAo 


l.H 




-- 


0.^0 


- 





l.zo 


— 


— 




S.5! 


i.is 


C.Si 


4.34 


/O .70 


IZ.JZ 


15.03 


h.ll 


20 , Cl 


ojo 


0,20 


0 ,So 


IJ5 


r./5 


1 . 1 5 


0,12 


0 ,!t 


0 J 2 


1 4.V 


% 532 


%(.Of 


$ S.2I 


% 9,55 


% 10.17 


t I4.HI 


% n.n 


%2o,41 



Bldg, cost amortized 

at 75C over period or 

"7-ijr. life 

Operating: heat A light 

ventilating or air cond. 

Maintenance 

Gross Total Term Costs 
Less est. salvage value 

NET TOTAL TERM COSTS 

(I Isl sfruch omort. over Tys,, 2 nd over lyrs. He! cos! of 2 n^ shuct. • ^Z.o 2 /s^.ff. 

1 ) •• " '• “ ^ 2nd " lijrs.j 3rd over C yrs, NcfcoslofSrdsftuei, •r2.i^o/$^Jt 

For melhod ofesfinieh'h^ re! cosh of 2rtd ^ 3rd slruchres, see corresponding Moles , Sfructures /a / iB. 



ESTIMATED SAlYAOE VALUES 

Building shell: 
Mechanical equipment: 



After 3 Tears 



After 10 Tears 



After 20 Tears 



2o fC (Jfh Struci.) 

% (on^, erfptftf) 



4o ^ ( 2 nd Sirycf) 
20 di (orij. e(jpmf) 



j£_j( (Srd Sfrttci.) 
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CALCULATIONS 



STRUCTURE No. Id 



Areas: 

Struchure$ No> I A !b 

Surface area, s-apprey.. Zcf, 2SO stj.ft 



Heating: Btu Loss - ^2eJ^at x = Z^^oZo NOTE: Btu loss for Tenns B & C 

^ “ differ only in structures having 

^ * high daylight k solar heat gain. 

X = 

ventilating air Iff^oop x /,e>S =* /<^, Zc o Term A Terms B & C 

(1 cfm/sf) 4 , 1 , 2ZO X 60 a 7, 4^7 3,. Z^O 

+ IQ^ safety 

Gross Btu Loss per hour Z,77C,4‘ZQ Z,7Z<>^ ^ZO 

34-. OOP (x !fz i 7^. 200 
4B0J50 ( !7 4 ,1 4C3. OOP 



Deduct: Heat gain from lighting: 

/S,ooP sf X 3 X 3*4 X % 

Estimated solar heat gain: 

2^ ^ of gross loss 



2 Jils 020 



DESIGN BTU LOSS 7.00^,3^0 

Fuel Cost (#4 oil @ 10.50/gal., TOji efficiency): 

^ , 141/148 X 0.00437 x 3815DD x 2oo4.4- ^ ^ 

Term A: rz x — ~ « S o>Z/3 per sq.ft* per yr. 

„ „ ^ 141/148 X 0.00437 x 4200DD x ZtZhO 

Terms B & C: ^ * S A25V- por sq.ft, per yr. 

1^,000 s*f* ^ ^ 

Blower operating cost for winter ventilation assumed to be some for all structures 



Lighting (3 watts per square foot): 

Term A: 2 hr/da x 5 da/wk x 39 ^dcs « h rs x 3w/ sf « U7 kwh @ 20 = S 0,01'i/ sf/yr 

Term B: 7 hr/dg x 7 da/\dc x 39 >dts = MU h rs x 3w/sf = kwh @ 20 a $ ojisj sflyx 

Term C: !*W -f ^hrs x 7 x 13 wks a 22 75'h rs x 3w/sf a kwh @ 20 a $ <?,/J7 /sf/yr 



Summer Vsotilaticn cr Air Conditioning (Term C only) : 

Equipnioat: //7 R<^fr'‘iqerahok^ 4~ 3o-Tofi Package Uhi'^s 

Installation Cost: $ 74^,000 -f- JS,00Q so. ft. a $ per sq. ft. 

Operating Cost: ..^'7^. .» A’**. » /_0hrs.x.?gdit^^tQ-0:- = S O.m per sq. ft. per year 

/fvOQ^sq.ft. 



Assumed Maintenance Costs: 



Norte 



S^ mJCTURB 

Xypet Atr Suppori'ed ( Air Condihont d 

tt- duriyiq Summers) 

Areat I5,000 square feet ^ 

Material 8 t 

Roof \finyi-’ coated hlylon Pabric 

Side vails 'L 1 

End vails — !! I! 

Skylights 

Foundations O round Anchors 



Estimated Life t __ZL years 



SUMMARI OF COSTS 
STRUCTURE No.lcJ 




INITIAL COSTS PER SQUARE FOOT 



Building shell* $ 

Heating ft Lighting £qpmt.$_A:££ 

Total for Terms A ft B %JJ1 

Ventilating Eqpmt. $ — 

Air Conditioning Eqpmt. % S.Q^ 

Total for Term C % 



U-VALUES (Vinter) 

Roof h20 

Skylights — . 

Side vails » opaque — 

Side vails » transl* A 20 

End vails » opaque — 

End vails » transl. hfO 

*see Appendix B 



BTU LOSS (Vinter) 

Total* 2,181,020 _ R\xx/)xr 

Per sq* ft. , . Btu^r 



SUMMER 




Air Cohdifioniny by 

4 package units 



PERIOD COSTS lER SQUARE FOOT OF COVERAGE 

Term A* 9 mo/yr, 5 days/vk, BAM -5HI* Interior temperatures* during use, 60°F min. jjp\ 

off hours. 45^F min. ' ' 

Terra B* 9 mo/yr, 7 days/vk, 8AM-10IfI. Interior temperatures* during use» 60 F min. 

off hours, 45 ”f min. ' ' 

Term C*12 mo/yr, 7 days/vk, BAM-lOfW. Interior temperatures* during use, 60^F ,/^ 2 oo dD) 

outdoor tomp.*f3 F max.) off hours, 45 F min. ' 



Bldg, cost amortised 

at 7!?^ over period <?r 

7' ^r. lire 

Operating* heat ft light 
ventilating or air cond 

Maintenance 

Gross Total Term Costs 
Less est. salvage value 

NET TOTAL TERM COSTS 



lO-Yeor Period (fiZ /yr /j;,) 2G»Yegr Period^ 
Term A Term B Term C Term A Term B Term C 



l.QO^'% 1.0Q %/4J4. % 1031 % fc.jS 



5-Year Period 



Term A Term B Term C 


% 4.35 


$ 4.33 


% 10.52 


U8 


!.8$ 


1.5^ 

o.<)S 


... 


S.5! 


^>.18 


13.4-t 


O.So 


0.80 


l.c^ 


t 4,7/ 


t 5.38 


^ K.4a 



2.3^ 


3.10 


3.42 

/-f<i 


. 






^.3S> 


to.io 


2o.Ci3t 


US 


A !5 




, 8 ,21 ! 


\4.S5 \ 


\IL^ 



4.12 


1.40 


-!.U 


— 


— 


3.4Z 


- - — 


15,03 


/7,7/ 


32.54 


O.fZ 


OJl 


0,22 




S n .54 %,3Z.32 



0 kt Struct, amort, over 7yrs., 2nd over 3yrs. i/et cost oF2nd, Struct » d2,o$jsij. Ft^ ^3, tC ttyatt^cond, 

3 ) » •' '• K II 2 nd >• Vyrs.j 3 rd over (Syrs. Net cost of 3 rd struct. ~^ 2 . 4 e^st, ^^ 4,42 

For melhod of e-itlmatiny het costs of 2 nd 4 ’^cd structures^ sec corresponding notes. Structures tAfle. 



ESTIMATED SALVAGE VALUES 

Building shell* 
Mechairical equipment* 



After 5 Years _ 

20 <fi {lit Struct.) 
2F (ori^.eqpmt) 



After 10 Years After 20 Years 

4o fit (2nd Struct.) ..d_ii(8rd Struct) 

2 q ^ (oNy, cifpmk ) ^ ^ 



o 
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CALCULATIONS 
STRUCTURE No, 2a 



Aroaat 




3x30 “■ 

4c =.3o; 

Arc =• , onSfS X 5S. 7;$'x 124^ ^ /Z 3' 

^ooforcA ^/52>x/Z3jk /3/ = 24, /JO 

BfiJ wall af'eA "S’ Soy, looy 0.712^-=^ 'Zi40 sf. 

x2 



PamBm/j area. « Sa^ 24, ooo sj. fJ, 



4zios<i.ft 



Volumes 


Z/40 X ! 50 


^ 321,000 cu. ft 




Heating: 


Btu Loss - 


24.no af X 


7.28 » 


3o,84o 






4.2io X 


Ji£±^ . 


4.0<iO 






X 


a 








X 


s 




ventilating air 


/ 4.000 X 


ho$ =» 


7G.200 



NOTES Biu loss for Terms B & C 
differ only in structures having 
high daylight ft solar heat gain. 

Term A Terms B ft C 



Sr ,7to X 60 

> 10?4 safety 

Gross Btu Loss per hour 

Deducts Heat gain from lightings 

/S.ooo sf X 3 X 3,4 X !.o 



Estimated solar heat gains 

— ^ of gross loss 

]£SIGN BTU LOSS 

Fuel Cost (#4 oil O 10«3^/gal«» 70^ efficiency) s 

141/148 X 0,00437 x 3815DD x 3Z57 

8#dT • 

141/148 X 0,00437 X 4200DD x 323^7 




Term As 



$ 0.344 per sq,ft« per yr. 



Terms B ft Cs 



* % 0.314 per sq,ft, per yr. 
Blover operating cost for vlnter ventilation assumed to be same for all structures 



Lighting (3 watts per square foot)# 

Term As ^ hr/da x 5 da/wk x 39 wks * /755^h rs x 3v/sf « S.zj kwh © 2^ * $ q/<95*/ sf/yr 

Term Bs /^hr/da x 7 da/wk x 39 wks ■ 3il2 h rs x 3w/sf = /j,47 kwh © 2^ ■ $ 0,23 / gf/yr 

Term Cs 3f22 ♦/4hrs x 7 x 13 wks a h rs x 3w/sf = /4.24 kwh © 2^ > I c.soc /nt/yr 



Summer Ventilation or Air C o ndition ing- (Term C only): 
Equipraonts 4 - 7, ^ UP fans dP 35, 000 cpM each 



Installation Cost: $ 2200 



Operating Cost: 



» /4,000 aq. ft. 

30 HP X 0.74563 x SO. 02 x tZ4o hrs. 
14.000 sq.ft. 



% 0J47 l>eT sq. ft. 

$ 0,038 per sq. ft. per yeax 



Assumed Maintenance Costs: 



BxJcricr painj-UiQ I coaJ in /Ith, iBili 0 /3fA t/ears 
^4 ^cr sur/ac* sq.ft ^er coa/ 



STRUCTURE 

f^raAneless Corrujta^ffcJ Sf&e.l ArchC'WonJer**) 
Areat l^>00Q _ square feet 
Maierialet 

jlQQf Sfce! Shcs^, Hea^ Corruja^iis - 

Side vails 



Skylights 

Foundations ConcreU - low curb 

Estimated Life t years 



SUMMARI OP COSTS 
STRUCTURE N0.2H 




INITIAL COSTS lER SQUARE FOOT 



Building shell* % 3,14' 

Heating ft Lighting Eqpmt.l j£^2i_ 

Total for Terms A ft B $Xi££- 

Ventilating Eqpmt* % Jld£- 

Air Conditioning Eqpmt. % — 

Total for Term C 



U-VALUES (Vinter) 

Roof 

Skylights 

Side vails » opaque ,h2JL 
Side vails » transl. — 
End vails I opaque — 
End vails I transl. 

*see i^pendix B 



BTU LOSS (Vinter) 

Total* 3.2^1,000 Btu/hr 
Per sq. ft. — 2Z2— Btu/hr 

SUMMER VENTILATION /OOOLIt I tl - 

V&hf Hating Fans provieiin^ 

7 ^ air changes per hour 



PERIOD COSTS PER SQUARE FOOT OF COVERAGE 

Term At 9 mo/yr, 5 days/vk, BAM -5»I. Interior temperatures* during use, 60^P min. 

off hours, 45^F min. * 

Terra B* 9 mo/yr, 7 days/vk, 8AM-10»I. Interior temperatures* during use, 60^F min, /4200 DD) 

off hours, 45^P min. 

Term C*12 mo/yr, 7 days/vk, 8AM-10IW. Interior temperatures* during use, 60^F rai»M(42oo DD) 

outdoor temp,-f3 F max,) off hours, 45 F min. 



Bldg, cost amortized 
at li» over period 

Operating* heat ft light 
ventilating e r air conft. 

Maintenance 

Gross Total Term Costs 

Less ast, salvage value 

NET TOTAL TERM COSTS 



10-Iear Period 



20-Tear Period 



5-Iear Period 
Term A Term B Term C 
% 9. $3 %fj± % 10.0$ 



2 . 2 ^ 


3. Of 


3.43 





— 


oji 


■ .. ■. — 


It. OS 


n.%t 


/ 5.67 


1.1$ 


2 . 1 $ 


2.77 



t ^.5^ %lc.l5 %JM2. 



Teim A Terra B Term C 

I ns3 % IL53 % H.7S 



4,Fo 


C>.!0 


0.3S 







— 


16.0$ 


17,^3 




2. IS 


2JS 


2.7J 


, 13. a ) 


\ IS. 4 F i i^.is 



Term A 


Term B 


Term C 


» IS .27 


1 fS. 27 


1 tJS.ff 


4 >00 


n.zo 


13. IZ 


— 


— 


0.14 


0.3q 


0. $0 


0» ^0 


U .^7 


27.77 


30.33 


0,$7 


0.37 


0.31 



I J£££ SiMf SL2fif£ 



ESTIMATED SALVAGE VALUES 

' After 5 Tears After 10 fears 



After 20 Tears 



Building shell* 
Mechanical equipment* 



±£.ii 

i£-i^ 









All 



calcuutions 

STRUCTURE No> 2b 






3QV/00* 

SxSO 






,3o A^-/2¥’ 



Areas t 




/re ^ , 0/7S43 X f475-x 



Haof Area » /^’O elX3%r.il^ Z4;IIO sij.ft. 

Bhd wall area ’^3o kIOOxO.VXS- ZI40 s^.ft, 

tf-2^ . 

^rto Sffh 



Pai^i'ihj ar^i( ^ SAy ooo stj,ft 



Yolxunei 7l4-0 x ISO = 32 1, OOO cu.fi. 




Heatings Btu Loss — 24. UP ^ Qif4 



3, t^o 



4‘JliO X hof a 

X - 

X = 



notes Btu loss for Terms B ft C 
differ only in structures having 
high daylight ft solar heat gain. 



ventilating air tS, ooO x hoi » 

(l cfm/sf ) 14t720 X 60 a 

-<■ 10?S safety 

Gross Btu Loss per hour 

Deducts Heat gain from lightings 

l$,000 sf X 3 X 3.4 X leO 

Estimated solar heat gains 

— of gross loss 

DESIGN BTU LOSS 

Fuel Coot (#4 oil O 10.50/gal., 70?i efficiency): 

141/148 X 0.00437 x 3815DD x 1417.7- 
fS,OOOB*t* 

141/148 X 0.00437 x 4200DD x t417>2 

15,000 B.t. 




$ OJP'O per sq.ft, per yr. 



Term As 

Terms B ft Cs ^ 0.00437 ^ f4'17e 2 — ^ ^ qj72 per sq.ft, por yr. 

Blower operating cost for winter ventilation assumed to be some for all structures 



Lighting (3 watts per square foot): 

Term As ^r/dA x 5 da/^ x 39 wks « 
Term Bs /4 hr/da x 7 da/^ x 39 vhs : 
Term Cs 3gZZ ^ /^hrs x 7 x 13 wks 



jJ_S£jars x 3w/sf 
h rs X 3w/sf 
^ofAh rs X 3w/sf 



_£27 kwh @ 20 =* $ / sf/yr 

//.-^/kwh @ 20 « S g.gg / sf/yr 
/^flkwh ® 20 » $ MoA/ sf/yr 



Summer Ventilation e r Air Cfinditinnintr C only) s 

Equipments 7»5 HP F fins @ 3S,000 cf*f! eoch 

Installation Costs $ 4- IS ,OOq_B<^. ft. 

^ , ,^oHP X 0.74565 x $0.02 x HOP hrs. 
fynamtincr Cost* — 



% 0.141 per sq. ft. 

S g.033 per sq. ft. per year 




@ surfoet so, ft t>*r con4._ 



Assumed Maintenance Costs: 



STRUCTURS 

FKamelcss Corrugaied Steel Atcl^ 

Areas 15,000 square feet 
Materials t 

{{Qof Shcch Mvy, Carr,^ lhsulaf't^c/tFaiH^e<J 

Side vails same 

End vails her^fa‘Ss-y‘€irtforc»<J Plash c. (fixed) 

Skylights 

Foundations Concrt^c. • low curh 



SUMMARI OP COSTS 
STRUCTURE Nq^2b 



Estimated Life t _2£. years 




30 HfWHT 



INITIAL COSTS PER SQUARE FOOT 

Building shell* $ 3.7/ 

Heating ft Lighting Eqpmt.l 

Total for Terms A ft B %IL12. 

Ventilating Bqpmt. % jQJA. 

Air Conditioning Eqpmt. $ 



UPVALUES (Vinter) 
Roof 

Skylights 

Side vails y opaque 
Side vallsy transl* 
End vails » opaque 
End vallsy transit 



BTU LOSS (Vinter) 






O.te, 



hO± 



Totals 2.00 BtuAr 

Per sq. ft. Btu^r 

SUMMER VENTIUTION/4 



Total for Term C 



% 1>SF <^see Appendix B 



VefiN/aHii^ (am providing 
air changes per hour 



PERIOD COSTS PER SQUARE FOOT OF COVERAGE 
Term As 9 mo/yr, 5 dsys/idi, BAM -5BI. Interior 

Term Bs 9 mo/yr, 7 days^dt, 8AM-10HI. Interior 

Term Csl2 mo/yr, 7 days/vdi, BAM-IOIW, Interior 

outdoor 



temperaturess during use^ 60^F min. no) 

off hours » 45^F min. 

temperaturess during use» 60^F min. /^200 DD) 

off hourly 45 F min. 

o 

temperaturess during usSy 60^F > /4200 DD) 

temp.'f3^F max. | off hoursy45 F min. 



5-Iear Period 



10-Iear Period 



20»Tear Period 



Bldg, cost amortized 
at 79^ over period 

Operating s heat ft light 



Maintenance 

Gross Total Term Costs 

Less eat. salvage value 

NET TOTAL TERM COSTS 



Term A Texm B Term C 


Ter A Term B Term C 


Term A Term B Term C 


$ S.IZ % 


if.7f $ f.^7 


1 10,25 % to. 25 % to, 41 


%/3.0O% 13.00 %t3M 


/.3/ 


2.d/ 2.59 


2,n 


4 . 0 Z 




S.24 S .04 




— o,n 


— 


— 


0.33 


— — 0.50 


_ 




- 


„ — 


1 1. ■■ 


0.30 0.30 0,30 


10.0^ 


ILFS 


i2-n 


14.31 


ts.sg 


11,14 71,14 74.40 


2.33 


2,33 2,31 


t,Sl 


hit 




0.31 0.31 0.31 


XJ .^C. %_ 


t 


±11 ,0^ i 


i 13.14 


1 n.n . i/.J7 1 14.01 


After 5 Tears 


After 10 Tears 


After 20 Tears 



ESTIMATED SALVAGE VALUES 



Building shells 
Mechanical equipments 






70 < 
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CALCUUTIONS 
STRUCTURE No. 2c 



Se» S'hruch^rifS Ho* Zand 2 a 



Areaat 



Voliune t OOO cu, /5*. 



Skijli^kf area, » x 2 x A ^/ » /, 3 S^ st^ ft. 
Jtnuhhed roof>^aH 6rta* 22J%5 

Bhd \^4lU Cites. • 4, 7So scj. ft 

Pamhn^ 5 say Z^,6oo s/j,ft 



Heating: Btu Loss - 


22.125 st X 0J4 a 3.C40 

1,39^ X a l,SlO 

4.2ta X j,ol = Aile 

X a 


NOTE: Btu loss for Tertus B ft C 
differ only in structures having 
high daylight ft solar heat gain. 


ventilating air 


IB.OOO X 1,03 a /C.200 


Term A 


Terms B & C 


(1 cfm/sf) 


ZC,020 X 60 


a 1.641,200 






•f 109^ safety 


/SGJ70 






Gross Btu Loss per hour 


hin.320 


1,717^320 


Deduct: Heat gain 


from lighting: 

IS.OOO sf X 3 X 3.4 X 0.5 


l4, 6ao (x C>,48 1 


91, 200 


Estimated solar heat gain: 

4 ^ ot oross loss 


(,3,100 i 7.3 


41, ZOO 




DESIGN BTU LOSS 


1.672,120 


1.511.310 



Fuel Cost (#4 oil O 10«3^/gal«» 70^ efficiency): 

141/148 X 0.00437 x 3815DD x /,£r72J _ ^ ^ 

Terra A: /S,C008*f* 8 per sq.ft, per yr. 

„ „ « 141/148 X 0.00437 x 4200DD x 4577.3 ^ ^ 

Terms B & C: ^ — 3 • « 0.134 per sq.ft, per yr. 

IStOOO s.r. 

Blower operating cost for winter ventilation assumed to be some for all structures 



Lighting (3 watts per square foot): 

Term A: 4^hr/da x 5 da/wk x 39 wks « S7S h rs x 3w/sf ■ 2.^34 kwh @ 2^ « $ 0 .oS3U t/yT 

Term B: ^/xhr/da x 7 da/rdc x 39 wks ■ 25^4 h rs x 3w/sf = 7.7F2 kwfa @ 20 » $ 0 .lS’(^J sf/yT 

Term C: _2£^_+_^hrs x 7 x 13 ^s »^_j^^o_hrs x 3w/sf = ^,4 2d kwfa @ 20 » $ o.iiS /nf/yr 



Summer Ventilation er Air Goaditio aisy (Term C only) : 

Equipaent* 4- 7.5 HP Fani & 3^,000 cfm each 

Installation Cost: $ 27.00 4 . IS, OOP sg, ft. 

^ . 3C?HP x 0.74565 x S0.02 x noo hrs. 

Operating Cost! 



8 0.147 per sq. ft. 

$ 0,034> per sq. ft. per year 



Assumed Maintenance Costs. 



Bxiet'tot pglnT^itiy ! coat^ //< Ufh, tSfh ahd 18th ye.ars 
per surface sa.fi- per coat. 
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STRUCTURE 



STRUCTURE No.2C 



Typttt Framclc ss Corru^Ud Ste cl At'cliCWoy^cler ‘ 



kit%,x 1^^000 • square feet 
Materials t 

Roof SUcl sheet. flvy.CorK. lhiulai-t.J, Painted 

Side vails same^ . — 

End valla Fiherd^laSi're,inforceii PUshc (fme d) 
Skylights F i he r^Uss- reinforced Pfa*hc 
Foundations ComertFe - leW curb 



Estimated Life: years 



INITIAL COSTS PER SQUARE FOOT 



Building shell* $ 3-^Z 

Heating ft Lighting Eqpmt*l.tiij^ 

Total for Terms A ft B t.lAL 

Ventilating Eqpmt. $ SLlL^ 

Air Conditioning Eqpmt. % — ~ 

Total for Term C i 7-^3, 



U-VALUES (Vinter) 

Roof 

Skylights 

Side walls, opaque 
Side vails, transl* — 
End vails, opaque — 

End vails, transl. LO^ 

*see Appendix B 



BTU LOSS (Vinter) 

Totals Btu/hr 

Per sq* ft. _ BtuAr 

SUMMER VENTIUTION/feeQliii» 

VenHIoHng fans providing 
2 G air changes per ftour 




PERIOD COSTS PER SQUARE FOOT ^ COVERAGE 

Term At 9 mo/yr, 5 days/wk, 8AM -5IM. Interior temperatures t during use, 60°P min. 

off hours, 45 F min. ' 

Terra Bt 9 mo/yr, 7 dr 's/vk, 8AM-10PM. Interior temperatures: during use, 60 F min. lAjcin nnl 

off hours, 45°F min. ' ' 

Term Cil2 mo/yr, 7 days/idi, 8AM-10IW. Interior temperatures: during use, 60 F “^*'•>(4200 dd) 

outdoor temp.4-3^F max.) off hours, 45 F min. 



Bldg, cost amortised 
at over period 



Operating: heat ft light 

ventilating 



Maintenance 

Gross Total Term Costs 

Less Srat. salvage value 

NET TOTAL TERM COSTS 



5-Iear Period 



Term A Term B Term C 

% ^.11 % 4.// $ ^.30 



IJo 


l.Jo 


LfC 

CJg 


. .. . 


10.21 


lo.Bl 


Ih34 


2. 1C 


1.2C 


2,30 




2,56% 


^.04 



10-Iear Period 



Term A Terra B 


Term C 


$ JO.CiT % 10.65 


$ iO,g6 


2.10 




J.7Z 


— 


— 


OJi 


.... — _ 


n.i5 


!4,oS 


14-Id' 


hC<i 


1.C1 


Liz 


1 ll.n t 


H.3C 


% 13.04 



20-Iear Period 



Term A Term B Term C 

$ I4J1 % 14,11 % 14.40 

4 .4 o C.80 1.44 

— ~ 0./8 


0.24 


0.2^ 


0.24 


18.H 


It.Zi 


12.31 


o.}4 


o.ii 


O.Jl 


1 /2.4Z j 


i 20.87 % 21. n 



ESTIMATED SALVAGE VALUES 

After 5 Tears 



After 10 Tears 



After 20 Tears 



20 % 






Building shell: 
Mechanical equipment: 
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CALCUUTIONS 



STRUCTURE No. 3 



Areas: 




Volume : foo x I44- x 2^. 0$ » cu> ft, 



Roof area * 2 y. SO,Z x 144- * I4-,4S8 s^, ft 
Side y^alh area * 2y 74*xl44 ^ C, f/2 sif. ft 
Mhd area. * 2m. 2^.oi x loox “ (o,Ct“IO s.f. 

Path area » ( 7 ^ 4$ 8 tC 4 ^ 2 ) 4oo^) 

^npoostf.ft. 



14,4$ 8 sf X 


0.2! a 


3,o4o 


(>.4IZ 


X 


II 

k 1 


1,4 S'o 


4.4,70 


X 


1.04 a 


l.ZfO 




X 


s 




J 4, 4-00 


X 


t.Oi a 


IS. Si^O 



NOTE: fitu loss for Tsims B ft C 
differ only in structures haring 
high daylight ft solar heat gain* 



ventilating air 

21.ZZO X 60 

109^ safety 

Gross Btu Loss per hour 

Deduct: Heat gain from lighting: 

i4,4oo sf X 3 X 3*4 x ho 

Estimated solar heat gain: 

— of gross loss 

DESIGN BTU LOSS 

Fuel Cost (#4 oil O lO*30/gal*» 70^ efficiency): 



Term A 
J,C3^,200 
14,3.420 
1,803,120 



Torms B ft C 



.( 



l.t56,.14o 




Term A: 



141/148 X 0.00437 X 3815PD x liSC.7t . j 
/4,4O0 s*f* 



141/148 X 0*00437 x 4200DD x 14S4.74 
14,400 s*f* 



Terms B ft C: " » $ 0.20 1 per sq*ft* per yr* 

Blower operating cost for winter ventilation assumed to be some for all structures 



Lighting (3 watts per square foot): 

Term A: ^hr/da x 5 da/wk x 39 wks « nSSY as x 3w/sf « S.21 todi © 2^ » $ g,/o// sf/yr 

Term B: /4 hr/da x 7 da/idc x 39 wks » 3822 h rs x 3w/sf = tt.41 kwh O 2^ » $ <^.23 / sf/yr 

Term C: 3822 -f/^hrs x 7 x 13 wks =* So4C h rs x 3w/sf s fS. 24 kwh ® 2^ ■ $ o.io^/ af/yr 



Summer Ventilation (Term C only): 

Eqxlipruont: 4-- 7.4 HP Fans (& 35,000 cfm each 

Installation Cost: $ 2200 4- 14,400 sq. ft. 

^ ^ . 30 HP X 0.74565 x S0.02 x /2^0hrs. 

Operating Cost; 



$ C.1^3 per sq. ft. 

% 0.014 per sq* ft* per year 



Assumed >iaintenance Costs: 



Bxfertor pamHn^ 3 coafs be f" ween tO^h and^Oth 4 ears 
(g) 44 per surf, jy, ft. i>er coat 
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SUMMARI OP COSTS 



STRUCTURE 

v5~/eg/ Franj^ (Buf/ct) 

Areax I4‘,400 square feet 
Materials t 

Roof ^ibhed Shec,h, Path ted. Applied Ihial, 

Side vails /I . 



// 



End valla Pi bcr^la<S--rci» forced Plasftc 
Sl^lights None 



Foundations 



CoMcrei-c 



Estimated Life: ymmr» 



STRUCTURE No 



A 




INITIAL COSTS PER SQUARE FOOT 

Building shell* I 3^30 

Heating ft Lighting Eqpmt.t 3, 

Total for Terms A ft B i 7.5b 

Ventilating Eqpmt* $ f 

Air Conditioning Eqpmt. % — 



Total for Term C 



UPVALUES (Vinter) 
Roof 

Sl^lights 

Side vails f opaque 
Side vails, transl* 
End vails, opaque 
End vails, trar.sl. 



BTU LOSS (Vinter) 



% 7/^^ *see Appendix B 



0.21 



0.21 






Total: Btu,A>r 

Per sq* ft. ^J-E . — Btu^i* 

SUMMER VENTILATION/^eeoaitB: 
fans hpro\/idt 
ZZ'/z air changes fyiarhotir 



PERIOD COSTS PER SQUARE FOOT OF COVERAGE 
Term A: 9 mo/yr, 5 daye/vk, 8AM -3B1. Interior 

Term B: 9 mo/yr, 7 days/vk, 8AM-10IM. Interior 

Term C:12 mo/yr, 7 days/tdi, 8AM-10A1. Interior 

outdoor 

5-Iear Period 



temperatures: during use, 60 ^F min. /^SIS DD) 

off hours, 43 F min. ' 

o 

temperatures: during use, 60 F min. tjtj\ 

off hours, 45 F min. ' 

o 

temperatures: during use, 60^F min. , / j)T)i 
temp. *3 F max.) off hours, 43 F min. * 



10-Iear Period 



20»Tear Period 



Bldg, cost amortized 
at over period 


Term A Term B Term C 

1 ‘7.Z4 % A. 14 % ^.n 


Term A Term B 

$ tOXi % 10.68 


Term C 

$ (o.si 


Term A Term B Term C 

M4.l$ %I4.I$ % 14.42 


(derating: heat ft light 

ventilating or air cond< 


h44 2.IC 

k _ _ 


7.SA 

o.zo 


2.88 4.32 


$.08 

0.34 


5.76 


8,64 I0.z6> 

— 0.78 


Maintenance 










— 


0.23 


0.33 0.32 


Gross Total Term Costs 


/0.5S 11.30 


n.06 


I2.S6 1^,00 


I^>.36 


20.24 


22.12 IS.Cf! 


Less eat. salvage value 


2.2^ 


2.24 


1.88 1.88 


1.9! 


0.28 


0.3% 0.38 


NET TOTAL TERM COSTS 


i 8,23 i 4.0$ i 




% H .b8 %i3./z 


$ 14.4$ 


t if.iii 


a 22.74 %2$.2/ 


ESTIMATED SALVAGE VALUES 


After 3 Tears 


After 10 Tears 


After 20 Tears 


Building shell: 






30 






loi, 


Mechanical equipment: 






20 iL 






o ^ 
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CALCULATIONS 




^oof ar^a s ^ loo k/^o - J7,i2o Si^.ff: 

O^a^iue Side Kf Allaire a - i^x S^Z-^l^xlx 24 



s 4540 

OpAi^uc Bnd waJi Art^ « 4x 7o, Sx24'!’4x/x2Z 

•^2x2xS^^ 2212 s^.fS. 

Ta^a/ fipa/^ut A/a/l area " 4S4o-^22^l » CS3Z sB 
TrA/if/tJoenf Are A ~ S32 .(1*1x22 

Volume, loo If 14^0 if (ZS-o. S) *315,000 cu. ft, , sAy 7ooo sf. A 



(l cfm/sf) 



n,420 sf 


X 


0,10 = 


1.742 


^,83% 


X 


OJC 3 






X 


ho*! = 


i.2l3 




X 


•z, 




/4.000 


X 


/.Oi =x 


13.120 



NOTEt Btu loss for Terms B ft C 
differ only in structures having 
high daylight ft solar heat gain* 

Torms B ft C 



Term A 



24,212 X 60 a t,4S3.0S0 
+ 10^ safety 

Gross Btu Loss per hour i,S*^S,l40 



l,54g,34o 



Deduct: Heat gain from lighting: 

!4. OOP sf X 3 X 3*4 X vf 



Estimated solar heat gain: 

B of gross loss 



DESIGN BTU LOSS l.3S4,SlO 

Fuel Cost (#4 oil 0 10.50/gal., 1C4> efficiency); 

141/148 X 0.00437 x 3815DD x /3 54.^ 

! 4 ,ooos.t* 



ft LOOP (x ''/l4x 112,300 

117,2701 BLiox 7*i.**i2o 

I.40GJ70 



Term A: 



% 0,154 per sq.ft, per yr. 



Terms B ft C: ^ ^ per sq.ft, per yr. 

/4P00 a»i» 

Blower operating cost for winter ventilation assumed to be same for all structures 



Lighting (3 watts per square foot): 

Term A; 7 hr/da x 5 da/wk x 39 %dcs j 
Term B: 12 hr /da x 7 da/^ x 39 wks : 
Term C; 33o^ -f/^hrs x 7 x 13 wks : 



IBCSh rs X 3w/sf 
_J3££hrs X 3w/sf 
4 z/(ih ra x 3w/sf 



4,04$ kwh @ 20 = S o.OiZj ^sZlYC 
4.4 1 i kwh @ 20 » $ ^./ff/ sf/yr 
n.C48 kwh 0 20 a $ o.2S3/ st/yr 



Summer Ventilation or Air Conditioning (Term C only): 

Equipment: I.SHP Fans ^ 3g,000 c{m each, 

Installation Cost: % 2200 -4- 14.000 sq. ft. a % PJSJ per sq. ft 

^ . 30 HP X 0.74565 X S0.02 X hrs. _ ^ 

Operating Cost: / 4 . 00 a ag ft per sq^ ix# per year 

Assumed Maintenance Costs; Pa ini} no exterior iva//s / coaf every 447i ijemr ( 4fh, M, 

dZ/ocn iurf, S(j> Pt per coak 



ERIC 
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STRUCTURE 

Plywood - PoUed Plafe Roof 

Areat / ooo square feet 
Materials I 

Hoof P/ijwc/.Pan^U,l^oU Rooftti^ 

Side vails //y54^/> Phjwd. Pancii, FRP ft e}$ 

End vails 

Skylights 



SUMMARY OF COSTS 
STRUCTURE No> 4 



Foundations 



Concrete- 



Estimated Life t .J!£. years 




[NITIAL COSTS PER SQUARE FOOT 


Building shell* 


1 


5*. 32. 


Heating ft Lighting Eqpmt. 


4 


3.S6, 


Total for Terms A ft B 


$ 


^.8S 


Ventilating Eqpmt. 


$ 




Air Conditioning Eqpmt.. 


% 





Total for Term C 


% 


^,04 



U-VALUES (Vinter) 

Roof 0>IO. 

Skylights 

Side vails, opaque 0-U> , 

Side vails, transl* /«df 

End vails, opaque O-Ke 

End vails, transl. i-0^ 

*see Appendix B 



BTU LOSS (Vinter) 



Total* _ BtuAr 

Per sq. ft. BtuA** 

SUMMER VEKTILATIOW/eeQa^> 

VenHlafin^ fnivi io provide 
'14-, 3 o)ir changes per h^ur 



PERIOD COSTS PER SQUARE FOOT OF COVERAGE 
Term A* 9 mo/yr, 5 days/idi, 8AM -5B1. Interior 

Terra Bt 9 mo/yr, 7 dayo/\dt, 8AM-10PM. Interior 

Term Cil2 mo/yr, 7 days/»di, 8AM-101W. Interior 

outdoor 



temneratures* during use, 60 F min. 

off hours, 45 ”f min. 

temperatures* during use, 60^F min. /4200 DD) 

off hours, 45 F min. 

o 

temperatures* during use, 60^F “in * » (4200 DD) 
temp.'i'l^F max.) off hours, 45 F min. 



5-Iear Period 



10-Iear Period 



20-?ear Psriod 



Bldg, cost amortized 
at li» over period 

Operating* heat A light 



Maintenance 

Gross Total Term Costs 
Less eat. salvage ralui 

NET TOTAL TERM COSTS 



Term A Term B Term C 


Term A Term B Term C 


Term A Term B 


Term C 


%fO.SS%iO,S3 


%J!.04 


$ n.C,6 %/2.€6 %11.il 


%/c.2c %ie.7C S ii-os 


U8 


/.S7 


2.H3 

OjS 


2-30 


3-14 4 -do 

— 0,27 


#. 7 Z 


S.60 

.SB 


0.03 


_0.0}_ 


0-03 


0.0 ^ 


0.06 0.06 


0.12 OJ2 


0.1 Z 


J2.04 


1113 


13.^1 


}5.qs 


I6A6 n.5l 


2\.C0 24.ZC 


26.3S 


3-Sf 


3-5S 


3.57 


2.S4 


7.U i-in 


0.S3 0.53 


0.53 


i g.4*f % 


I.IS 


i 


ft n.24 


ft 13. Cl ft i4.es 


t2J.o7tlU3 t2S.il 



ESTIMATED SALVAGE VALUES 



After 5 Tears 



After 10 Tears 



After 20 Tears 



Building shell* 
Mechanical equipoMuti 



2 £.i^ 



±o_i» 

20 jL 
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calculations 



STRUCTURE No.^ 




Walt area » //^x nuB 2210 

Fahnc dome surface area 

- _ Tr(^y,$Z^-t hF*’) 

4 ■ 4 



Volume 1 »^+2lk(^±Akn 
^ 24 



^ ^^,425$^.fL 
S/,^S^4 !Bo,470s ZC2, 12C eu. ft. 



Hoating: Btu Losa - 2,870 s t x 0,/^ » 44c 

/3.42S X A 2 a I4JIO 

X a 

X = 



ventilating air IO,2oo x l,o8 =» /A QZO 
(X cfm/sf) 



NOTES Btu loss for Terms B ft C 
differ only in structures having 
high daylight ft solar heat gain* 

Term A Terms B ft C 



7l,S^0 X 60 a 1,455.400 
109^ safety /4S,54o 



Deducts Heat gain from lighting: 

10,200 sf X 3 X 3*4 X ^ 



Gross Btu Loss per hour 1, 8 to, 44 o 1,820,440 

23.J20 (x X 52.020 



Estimated solar heat gain: 

25 of gross loss 



DESIGN BTU LOSS 1.343, 54 o 

Fuel Cost (#4 oil ^ 10.30/gal* » 709^ efficiency): 

141/148 X 0*00437 x 3815DD x 1343.^ 

/o,200a.t* 



454.7io ( /7 gg: 3/o.QOO 

1,452,420 



Term A: 



S 0-204 per sq*ft* per yr. 



Terms B * C, 141/148 x 0.00437 x 42yBD 

/0,700a*t» 



a $ 0,25 per sq*ft* per yr, 
Blower operating cost for winter ventilation assumed to be some for all structures 



Lighting (3 watts per square foot): 

Term A: 2 hr/da x 5 da/wk x 39 wks * 
Term B: 7 hr/da x 7 da/wk x 39 wks s 
Term C; Mf! -f^hrs x 7 x 13 wks s 



3fO h rs X 3w/sf 
/4// h r a x 3v/sf 
_2275hrs x 3w/sf 



l.n kwh @ 20 = $ 0.023/ at 
X73 kwh @ 20 a $ 0,ll5/ at/yi 
^,^3 kwh ® 20 a $ 0.! 51 / at /yr 



Summer Ventilation ar Air Conditioning- (Term C only) : 

Equipment : 3 7.5 HP Faf is 38,0 00 ofrrf eacA . 

Installation Cost: % I SOO 4 - / 0, 200 ag . ft. a % _0JlJ_-^ar sq. ft. 



Operating Cost: 



7f/HP X 0.74563 x $0.02 x lZ75hra. 
i0,700 aq.ft. 



zs $ 0.042 sq* ft* per year 



Assumed Maintenance Costs: Replacetyienl cf fabric c/ome everi^ i^ear,(S> f/45/sf of 

coveneH area, of 8' metal t^all / coa/'m Hlh, 



I 5th afu/ IBlh ^ears (^(j/fsurf, sg.fr. per coah 
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STRUCTURS 

jyp0i (jfeoc/esic Dofrtc> (Cheirfer InJushf^s ) 

irtat 10,^00 _ square feet 

Maierialet 

A/um. Geodesic Frame. 5uft>ei^Jei^Coal'^ 

. , TTTT~. NtponFabne ^ 

Side vails MeUJ Sheeh^ rtAnovabIc sections 

No^e 



SUMMARI OP 0> ^ 

STRUCTURS No> 5 






End vails 
Skylights 



None 



Foundations Concteie 




40'INT. HEIGHT 



Estimated Lifet Fahnc- years; Frame 2o years ± 



INITIAL COSTS PER SQUARE FOOT 

Building shell * % 4.^4 

Heating ft Lighting Eqpmt.l 

Total for Terns A ft B $ 

Ventilating Eqpmt* % JE.Pl- 



Air Conditioning Eqpmt. $ 

Total for Term C I ippsndix B 



U-VALUES (Vinter) 
Roof 

Skylights 

Side vails I opaque 
Side vails I transl. 
End vallsi opaque 
End vails, transl. 



BTU LOSS (Vinter) 



A 2 



OJ4 



Total I _A:^£ftf^£_Btu/br 
Per sq. ft. - Btu/br 

SUMMER VENTIUTION/< 



VenfilaHn^ Fans prvvi^in^ 
air changes par hour 



PERIOD COSTS PER SCyJARE FOOT OF COVERAGE 

Tern At 9 mo/yr, 5 days/vk, BAM -5IM. Interior temperatures! during use, 60^F min. jjjjx 

off hours, 45 F min. 

Term Bt 9 mo/yr, 7 days/vk, 8AM-10IW. Interior temperatures t during use, 60^F min. 

off hours, 45^F min. 

Term Ctl2 mo/yr, 7 days/vk, BAM-lOfM. Interior temperatures: during use, 60^F min.,(4200 DD) 

outdoor temp. ^3 F max. | off hours, 45 F min. 



5-Xeor Period 



10-Iear Period 



20-Tear Period 



Bldg, cost amortised 
at T% over period 

Operating! heat ft light 
ventilating p r aar onnd . 

Maintenance 

Gross Total Term Costs 



MET TOTAL TERM COSTS 



Term A 


Tern B 


Term C 


Term A Terra B 


Term C 


Tern A 


Term B 


Term C 


til. II, 


tn.u 


$ //-33 


tJi.OO 1 


\ 13.00 


% 13.74 


1 n.v 


1 17.2/ 


tJMF 


UC 






2.32 


3t 


3.6i 


4. (A 


i.3% 


7.74 






0,2t 


— 


— 


OAl 


— 


— 


0.24 


—* 


— 


— 


/.4S 


/AS 


IAS 


4Ao 




4>4o 


n .21 


n.f4 


/3.4^ 


Kf.n 


la.n 




24.25 


2113 


.30.SS 


2.7 i 


2.li 




2,3/ 


ZM 


2.35* 


0,49 


oAi 


0.4^ 


tUl 


xio.ii 


, /O.dS 




\H.So 


t/i.U 


%2S.74 


%zm 


1 3o,o(p 



ESTIMATED SALVAGE VAUJES 

" After 5 Years 



After 10 Tears After 20 Tears 



Building shell! 
Mechanical equipPMnt: 



ILS 



MS 

MS 



Ms 

MS 
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calculations 



STRUCTURE No. 6 



Areas: 



^aJius » 






/5o 



=. -4-x35 _ <77^' 

.^335 /^*x/oo 




Atcx 0.017455 ^ Jco ^ /7/' 



Volume: 3,^S'Ox.200 ^ ySo^OCO ca.ft 



Roof area, - 200 )>./ V 3f^20O sf. 

Cross Secfr area = C.CiCy 35;^/4o ' sf 

fnJ \r/all areas 3 ,(> 50 ry' 3 c x Z - % 330 rf 
area ^ 34, ZOO)i + I200(±) 

~ Say fS^/POOsf, 



Heating: Btu Loss - 34,2o0 s t x C.f4 ^ ^Ala 

- jj'iSO X Atff St /o',Jlo 

X = 

X = 

ventilating air 30,000 x f.oS s. ^7 /Lno 

(1 cfm/sf) ^ 4-00 



NOTE: Btu loss for Terms B & C 
differ only in structures having 
high daylight & solar Heat gain. 



Term A 



Torms B & C 



42, 040 X 60 =s 2, 2S2AOO 
+ 10?^ safe 2i%a4o 



Deduct: Heat gain from lighting; 

3o.ooo 3 

Estimated solar heat gain: 



Gross Btu Loss per hour fO .^40 

3O(^.000 U i 

5 ^ of gross loss ( 



3c,ooo 3f X 3 X 3.4 X 2,0 



DESIGN BTU LOSS 2,2C,4^^4.Q 
Fuel Cost (#4 oil 0 10.5jj/gal., 70?^ efficiency): 




Term A: 



Terms 



141/148 X 0.00437 x 3815DD x 2M4.C ^ 

30,000 8»f, " V OJS2 per sq.ft, per yr. 

u ^ 141/148 X 0.00437 x 4200DD x 2A44.(e 

^ J^ ooos.t. ^ per sq.ft, per yr. 




Lighting (3 watts per square foot): 

Term A: _2J»J='/da 5 da/wk x 39 wks a 
Term B: hr/da x 7 da/wk x 39 wks a 
Term C: 3522 -f/^^hrs x 7 x 13 vks a 



_/7££^s X 3w/sf a 5. 2 7 Icwh @ 2{J a $ O.foS /u£/yr 

3222h r3 x 3w/sf a //.^7 kwh @ 2(i a $ O.Zi/st/yr 

Soi^h rs X = /5:2f kwh 0 2j! a $ _£^^/sf/yr 



SuiDmer Ventilation oy-Air Conditi o aiug (Term C only) : 

Equipraont: S - 1.5 HP fan^ (3> JS.OOO cfm eacl\ 

Installation Cost: $ 4^00 ^ 30,000 sg. ft. a % QJ47 per sg. ft. 

<^g>HP X 0.74565 x $0.02 x IlOO hrs. 

_3o^OOO sq.ft. 



Operating Cost: 



a S OA33 per sq, f-t, per year 



Assumed Kaintenaaco Costs: /o,t, .,„j 20^i. 

^ <C/j!>er surface. Sj.Pt per coak 



STRUCTURE 

^^01 Ttus’sad Atck CBuHct Tr/oJth'c. ) 

Artas 3o»000 square feet 
Materials t 

□oof 5/gg/ Steel RibbtJ fhneU, Patti 

' zipp/ita/ /nstjJahan 

None 



SUMMARI OP COSTS 
STRUCTURE Mo> 6 



Side vails 

End vails tet/ifot'c e d P/a 5 / ic 

Skylights Mohc 

Foundations _ 



Concrete. 



Estimated Life t .££1 years 




35'iHT. HEIOHT 



INITIAL COSTS PER SQUARE FOOT 

Building shell* $ 3A4 

Heating ft Lighting Eqpmt.l.:^^^ 

Total for Terms A ft B 

$ 



Ventilating Eqpmt. 

Air Conditioning Eqpmt, 

Total for Term C 



U-VALUES (Vinter) 

Roof 

Skylights 

Side vails 9 opaque 
Side vails 9 transl. — ■ _ 
End vails 9 opaque — 

End vails 9 transl* t 



BTU LOSS (Vinter) 



% — - 

i (». SZ -i^see Appendix B 



Total t (f40 BtuThr 

Per sq* ft. — Btu/br 

SUMMER VENTILATlON /COOLma 

Veniilaiin^ -fans ptovUinj 
2 S air chani^ei j^r hour 



PERIOD COSTS PER SQUARE FOOT OF COVERAGE 
Term At 9 mo/yr, 5 daylvk, SAM -5»I. Interior 



temperatures! during use, (‘iai'5 DDl 

off hours, 45 Jf min. ^ 



Term Bt 9 mo/yr, 7 days/vk, 8AM-10HI. Interior temperatures i during use, 60^F min. 

off hours, 45 pF min. 

temperatures! during use, 60 F » (4200 DD) 
temp.-f3^F max.j off hours, 45 F min. 



Term Ctl2 mo/yr, 7 days/vk, 8AM-101W. Interior 

outdoor 



5-Iear Period 



10-Tear Period 



20-Tear Period 



Bldg, cost amortized 
at 79^ over period 

Operating! heat ft light 
ventilating s r a ir ernid . 



Maintenance 

Gross Total Term Coste 

Less est. salvage value 

NET TOTAL TERM COSTS 



Term A Term B Term C 


Term A Term B Term C 


Term A Term B Term C 


» g.li t iJ3_ 


$ $.3! 


1 % 


‘if . 70 


%/2,^S %/2.S8 %/7M 




o.n 


2.19 3.^6 


4.14- 

0.34 


S.^4> ‘1. 48 

— — 6.48 




- 





— 


0.27 0.27 0,27 


^.52 lO.IZ 


to.zs 


12.28 IS. 48 


14. 1 8 


IS. 4-1 20.S! Si.tl 


2 . 0 I 2.0! 


2,0^ 


I.C8 LC8 


/.It 


0.34 0.34 0.34 


i t F.// 


t Z.io 


\ lo,4o %H .So t 


13.07 


i JS .07 % 20,47 i 77.4S 


After 5 Tears 


After 10 Tears 


After 20 Tears 
















20 < 




^ 423 



ESTIMATED SALVAGE VALUES 

Building shell! 
Mechanical equipment! 



er|c 



calculations 

"•* " ‘ ' f ' — '■ 

STRUCTURE No, 7 



Areas: 




Slope (jlmehSion * *=• 

koo-f artQ = 2)^ ^S,84x 3o6 ' Sj.r^ 

W^Uctrea ^2> I Cx3o^ i- 2x28,33 x/ZZ 

^ /CJo5 s^.ft 



Volume: 120 x 3 o4k 28.33 ® /, 033,^00 cu.ft 



4o,2^4^at X 


a/2 * 


4.836 


705 X 


= 


C,.3^o 


X 


ss 




X 


s 




37.332 X 


■ II 

n 

HI 


ho j 32 0 



(I cfm/sf) 



NOTE: Btu loss for Terms B & C 
differ only in structures having 
high daylight ft solar heat gain. 



Term A 



Terms B ft C 



•ir IQ^o safety 



Deduct: Heat gain from lighting: 

37.^2 2 sf X 3 X 3.4 X 1^0 

Estimated solar heat gain: 

— of gross loss 




Fuel Cost (#4 oil © 10.30/gaI.y 70ji efficiency): 

^ 141/148 X 0.00437 X 3815DD X 3,0/ «. 6 

Terra A: ^ « S c’jzg per so. ft. ner vr. 

37*35 2 8.1. ^ ^ 

„ . 141/148 X 0.00437 x 4200DD x 3.0/J.4. 

Terms B ft C: ‘ ^ » 0 0,/4Z per sq.ft, per yr. 

37/332s*f* X- ./ 

Blower operating cost for winter ventilation assumed to be some for all structures 



Lighting (3 watts per square foot): 

Term A: ^ hr/da x 5 da/wk x 39 idcs » _J21£hxs x 3w/sf « S.27 kwh © 2f! = $ ^JCS/ s£/yr 

Term B: /4hr/da x 7 da/wk x 39 wks » 3SZ2h ra x 3w/sf = H,41 kwh © 2fi » $ 0,23 / sf/yr 

Term C: 3822 -f/^hrs x 7 x 13 >dcs =» /g^^h rs x 3w/sf « /5. kwh © 20 at $ 0 , 10 ( 0 / at /yrt 



Suimnor Ventilation o^ ? Air Ormditinni ag (Term C only): 
Equipraont: /2 * 1,3 HP F^ms (S^ 3B,C0Q 0^01 eaci^ 

Installation Cost: $ 1000 -i- 3Z33Z so. ft. 

Operating Cost: x 0.74565 x S0.02 x //OOhrs. 



$_£J£7_per sq. ft. 

$ 0. 04- per sq. ft. per year 



Assumed Maintenance Costs: 



//one. 
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SUMMARY OF CCXSTS 
STRUCTURB No. 7 



STRUCTURE 

Xypei Sfeci frame (Varco'- Pru^ei^) 

Areat square feet 

Materialai 

Roof Ribbed Sf'cel Ske&h. Dccklnsulai'ion 
Side vails Cone. Slacks 

// if 

End vails 



// 



Skylights 



Foundations 



Roue 



Conoroie- 



Estimated Lifet BO years 




INITIAL COSTS PER SQUARE FOOT 



Building shell* I 2.3! 

Heating ft Lighting Eqpmt.l.jL££ 

Total for Terns A ft B XJiiiJL 

Ventilating Eqpmt. % Sidd. 

Air Conditioning Eqpmt. B : 

Total for Term C 



U-VALUES (Vinter) 

Roof 

Skylights 

Side valls» opaque 
Side vails, transl. 

End vails, opaque 0.36 

End vails, transl. — 

*see Appendix D 




BTU LOSS (Vinter) 

Total! on. BtuAr 
Per sq. ft. ti — Btu/br 

SUMMER VENTILATIOW/eeefcai^ 

VejiHlahi^^ fans providing 

air chancres pfif hour. 



PERIOD COSTS m SQUARE FOOT OF COVERAGE 
Term At 9 mo/yr, 5 days/idi, BAM -5H1. Interior 

Term Bt 9 mo/yr, 7 dayo/%dt, 8AM-10H1. Interior 

Term Ctl2 mo/yr, 7 days/idi, 8AM-101W. Interior 

outdoor 

5» "Year Period 



temperatures! during use, 60^P min. /^g^e jjp\ 

off hours, 45^F min. 

o 

temperatures! during use, 60 F min. (aociq dd^ 
off hours, 45^F min. 

temperatures! during use, 60^F ™i^»»(42oo DD) 
temp.'f3^F max. | off hours, 43 F min. 



10-Tear Period 



20»Iear Period 



Bldg. cost, araortilzed 
at '7% over period < 

Operating! heat ft light 
ventilating e r air cond . 

Maintenance 

Gross Total Term Costs 
Less eat. salvage value 

NET TOTAL TERM COSTS 



Term A Term B Term C Term A Term B Term C Term A Term B Term C 



7,/4 % 


IJd' % 


1.38 


% g,3S t i.i( » S.iZ 


% 11.01 % U.07 % n.4! 


Ul 


I.C4. 


Z.24 


2.34 3/32 4^.48 


4,68 6.64 8.16 







0.20 


— — o.4o 


— — O.8o 










_ 


B.V 




^,81 


10.61 U.61 li.$o 


15.15 n.v 2 i.n 


jAi _ 


1.46 


!.St 


1,71 I.IZ L2C 


0.42. 0,42. oAz 




1 

«• 

K 


8M 


1 ‘i.4n \ la ,4f t. n.74 


i 15.55 % n.2l %.20.15 



EST IMATED SALVAGE VALUES 

After 5 Years After 10 Years 



After 20 Tears 



Building shell! 
Mechanical equipment! 









iLi. 
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APH^NDIX B 



derivation of building shell costs 



Air-supported Structures (Nos. la, lb, Ic, Id) 



Package price listed by Air-Tech Industries 

for 118 'x 156* (18,408 sf) structure $ 32,650 

Shipping and erection * 1,850 

$ 34,500 

34,500/18,408 =1.87; say $ 1.90/sq.ft. 



Mech’l. equipment: Listed heater price $ 11,130 

Shipping and installation* 3,000 
Listed cost of lighting 10,000 
Shipping and installation* 4,250 



$ 28,380 

28,380/18,408 = 1.54; say $_1.60/sq.ft. 

5-year life structure - $ 3.50/sq.ft. 



Shell cost of 7-year-life stiucture assumed to be 7^/sf higher* ($1.97) 



Replacement costs: 



Net cost of 2nd structure: Removal of 1st structure $ 1000 

Cost of 2nd shell 28250 (7-yr. -29400) 

Shipping & erection of 2nd 1300 

30550 say $2.03/sf (5-yr.) 

2.10/sf (7-yr.) 

90^ of original shell cost = 1.71 (1.76 for 7-yr.) 

20^ of mechanicals cost = 0.32 (1.33 with a.c.) 



5-yr. 

7-yr. 

Net cost 



structure: 1.71 + 0.32 = 2.03 v/out a.c., v/a.c. 1.71 + 1.33 = 3.04 

structure: 1.76 + 0.32 = 2.08 v/out a.c., w/a.c. 1.76 + 1.33 = 3.10 

of 3rd structure: 90?S of original shell cost = 1.71 (1.76 for 7-yr.) 

405^ of mechanicalc cost = 0.64 ( 2.66 v/a.c.) 



5-yr. structure: 1.71 + 0^64 = 2.35 v/out a.c., v/a.c. 1.71 + 2.66 = 4.37 
7-yr. structure: 1.76 + 0.64 = 2.40 v/out a.c., v/a.c. 1.76 + 2.66 = 4.42 



Net cost of 4th structure (S-year life): 909^ of original shell cost = 1.71 

75^ of mechjuiicals cost = 1.20 (5.00) 
5-yr. structure: 1.71 + 1«20 = 2.91 v/out a.c., v/a.c. 1.71 + 5.00 = 6.71 



Wonder Building No. 2a 



Package building (metal end vails, no skylights) quoted at $ 37»500 

Foundation vork * 5 >300 

Erection * 6,000 

Substitution of plastic end vails 

vith removable sections 5^200 
Exterior painting 2.100 

I 56,100 

56,100/ 15,000 = $ 3.74 per sq.ft. 






^ All items so starred vere estimated by auitior 



Derivation of Uuildinc Shell Costs 



Ai^PKNDIX B 



Trussed Steel Arch Building No« 6 

Price quoted by Butler Mfg. Co. for identical building, completely 

erected, but only 30 feet in height: - 

9 100,365 

Estimated increase for increasing height to 35' * 2,865 

$ 103,230 

103,230/30,000 = $ 3.44 per sq.ft. 



Varco~Pruden Rigid Frame Building No. 7 

Contract prices for similar building erected September 1969 
in Somerset County, N. J. : 



Foundations $ 7,000 

Steel frame and insulated metal roof 75,000 

Block vails © 1.00 per sq.ft. 17,500 

$ 99,500 

Add for doors and entrances * 6,000 



105,500/37,322 = $ 2.81 per sq.ft. 



$105,500 



APPENDIX C 



SOURCES OF SUPPLY FOR THE STRUCTURES ANALYZED 



Air-Supported Structures 

are available from several manufacturers, including: 

Air-Tech Industries, Inc. 

9 Brighton Road, Clifton, N.J. 07012 

Birdair Structures, Inc. 

1800 Broadway, Buffalo, N.Y. 14212 

Cidair Structures Company 

130th & Indiana Avenue, Chicago, 111. 60627 

ILC Industries 

350 Pear Street, Dover, Delaware 19901 



Steel Structures of many different types are available from a large 
number of manufacturers. The suppliers of the buildings analyzed 
in this study are; 

Wonder Trussless Building, Inc. 

2901 South Cicero Avenue, Chicago, 111. 60650 

Butler Manufacturing Company 

7400 East 13th Street, Kansas City, Mo. 64026 
Varco-l^den , Inc . 

PO Box 6868, Pine Bluff, Arkansas 71601 



Plywood Structures 

are available from suppliers in all areas of the country. Inform- 
ation as to local sources may be obtained by contacting 

American Plywood Association 

1119 A Street, Tacoma, Washington 98401 



Geodesic Dome Structures of the type analyzed in this study are 
sup])lied by 

Charter Industries, Inc. 

Raleigh, North Carolina 

Similar structures are available also from other sources. 
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